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PREFACE. 



JL HAT I have discovered the general solution of equa- 
tions, my readers may very probably know already, from 
the announcement which I have ordered to be put in 
the public papers, for such a discovery deserves the 
utmost publicity. A complete history of the unsuc- 
cessful endeavours of my predecessors for the same 
purpose, would appear like a panegyric on myself, and 
therefore I shall only relate what exactly belongs to the 
matter. 

In the tenth part of the " Memorie di Matematica e di 
Fisica delta Societa Italiana delta Sciential p. 1 (1803), a 
celebrated Analyst, M. Ruffini, gave a proof of the im- 
possibility of such a solution : no very elaborate discussions 
are required to show its insufficiency. Read his proof, and 
compare it with my solution, and it will be found that M. 
Ruffini, in recounting the possible cases, has never thought 
of this mode of solution. M. Ruffini tries to depress the 
equation for the assumed function, by taking as many 
equal formulae as are proper for his purpose. I do just 
tbe contrary : with me the assumed functions, with the 
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11 PREFACE. 

exception of a single condition, are always arbitrary : all 
their forms may be different, and the depression will be 
produced by making them dependent upon resolvable 
equations, the coefficients of which depend on other 
resolvable equations, the coefficients of which depend 
again on other resolvable equations, &c. As, for instance, 
with me the assumed function for the equation of the 
fifth degree originally depends on an equation of the 
120th degree : this I reduce, first to a double equa- 
tion of the fifth degree ; its coefficient, which is still 
depending on an equation of the 24th degree, I make 
depending on an equation of the fourth degree, the coeffi- 
cients of which only still depend on equations of the sixth 
degree. I reduce these equations again to equations of 
the third degree, the coefficients of which, lastly, depend 
on equations of the second degree. Of all this process, 
there is, with the exception of the reduction to the 
double equation, not the slightest indication in the proof 
of M. Ruffini. Moreover, this Analyst has only shown 
that none of the methods he was acquainted with could 
succeed, and in this respect his proof is, no doubt, very 
masterly. His error can be no reflection on his well- 
deserved reputation, for he has shown to his successors 
the paths they must avoid, and has thus put them on the 
right course of investigation. 

M. Lagrange gave, m the third volume of the new 
Memoirs of the Berlin Academy of Sciences, an incom- 
parable analysis of the methods of Tschirnhausen, Euler, 
and JBezout, which I have adopted in the sixth chapter, 
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with a few alterations suitable to my purpose. He showed, 
that when /x is a prime number,* all these methods 
lead at last to a reduced equation, the coefficients of 

which are those functions of the roots a/ 9 xf f 9 j/ 7/ x CM) , 

which change when you change only the /x— 2 last roots 
among each other, but leave both the first in their places, 
and that, therefore, the coefficients depend on equations 

of the 1 . 2 . S fi second degree; and consequently 

an equation of the fifth degree, on an equation of the sixth 
degree. For the explanation of his method, he takes the 
equation of the fifth degree as an example, and shows how 
to begin to form the reduced equation. He denotes the 
roots of the reduced equations by s/ 9 zf f 9 z N, 9 sf v 9 z y 9 * r/ , 
and finds the value of them in* a/ 9 a/ 7 , x/ u 9 x /v 9 a?. 
From this he calculates the first coefficients, and says 
that you can find the other coefficients in a similar way. 
He concludes by saying " but we will not enter into the 
execution of this calculation, which, with all its im- 
mense labour, would not afford any clue to the resolution 
of equations of the fifth degree; for as the reduced 
equation for z is of the sixth degree, it is not resolvable, 
unless it is to be brought to a lower degree than the fifth. 
But this seems to me to be almost impossible, according 
to the form of the roots zf 9 zl f 9 &c." 

But from these very forms, I affirm that the solution of 
the reduced equation is possible. For the functions *", % n/ 

• fA is with him, what n is with me. 

* Pages 432 and 433 of Eider's Introduction, translated by 
Michelsen. 
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*", * r f * f/ are derived from *, as M. Lagrange observed 
himself, when you change the roots a/", x"', x v 9 among 
each other. According to my notation, therefore, the 
r oota of the reduced equation admit of being presented by 
/: (12345), /: (12453), /: (12534), /: (12435), 
f: (12354), and f: (12543), and with these notations 
the functions z\ g nr 9 s* 7 , z"' zf\ sf 9 correspond according 
to the order in which they are here put. The three 
former formulae /: (12345), /: (12453), /: (12534), 
form evidently a cyclical period of the three last roots, 
as well as the formulae f\ (12435), f: (12354), 
f: (12543). If we therefore combine the three func- 
tions ssf, 2f v > s?' 9 in one equation of the third degree, the 
coefficients of them can only have besides their value 
another one, namely, that which the change of a/ /f with 
x /v gives. These coefficients, therefore, have no more 
than two unequal values, and consequently they depend 
only on equations of the second degree, or, what is the 
same, the reduced equation of the sixth degree can be 
divided into two equations of the third degree, the one of 
which has th§ roots z' 9 z^ 9 s* 7 , the other the roots 
z /7/ , *", z y . That this simple observation escaped the 
teen penetration of a Lagrange, looks indeed like a 
miracle. I am not the inventor, it is he ; but he did 
not know it. Whether I should have found the solution 
without him, may be doubted. 

I come now to my method of solution : it is very 
simple, uniform for all degrees, and as general as could be 
desired. It gives, not one solution, but as many as we 
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please; for the functions I mark with ^ are quite 
arbitrary. However, the actual calculation is very trouble- 
some, and even in the sixth degree is scarcely practicable 
without resorting to particular artifices. We cannot 
escape the difficulties of calculation, when the degree of 
an equation is a prime number. When, however, it is a 
compound number, we have, no doubt, a method, which 
leads more rapidly to the result : it will be reserved for 
the third volume, in which I shall give also the solution 
of the equations of the 5th, 6th, and 7th degree. The 
Combinatorial Analysis is here of great service; and 
with its help I shall perhaps be able at once to exhibit the 
reduced equation with little mote trouble than the mere 
combinatorial operations. 

A brief sketch of the contents of this volume will not 
be here improper. I begin with the Symmetrical Func- 
tions ; they are the foundation of all others. The two 
first chapters treat of them ; the first gives the recurred 
Solution, the second the independent one. Generality 
was the object I aimed at. The third chapter treats of 
the Non-symmetrical Functions. They are derived alto- 
gether from certain equations, which I call transformed 
equations. It is shown how to find the equal formulae of 
these functions, when their nature is given by certain 
properties ; and how to form a transformed equation of 
the unequal formulae. The numberless references to it 
require particular observation. The utility of some of 
these propositions will appear in the sequel. The fourth 
chapter treats of Elimination. I was not obliged to be 
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so minute at Bezout in his Thtoric g&Urale dcs Equatiom 
Jlgebraiqucs, who confines himself exclusively to this 
subject. My work would hare become too voluminous. 
Should my readers wish for further details, this may be 
done in an appendix. The fifth chapter treats of the 
properties of the roots of the equation x"~ IsO, Waring 
and Euler were my conductors. The labours of Lagrange, 
in the Memoirs of the Berlin Academy, gave me the 
materials for the sixth chapter. I desire my readers to 
bestow particular attention on the seventh chapter; its 
value will be shown in the third volume of this work. 
The eighth chapter treats of the General Solution of 
equations, but must be regarded only as a sketch. 

My reader is no longer the same whom I thought of in 
the Collection, the continuation of which I now give 
him : he has gone much farther in the sciences. The 
Combinatorial Analysis is no longer strange to him : he has 
also made already considerable progress in the Differential 
Calculus. Provided with this knowledge, he will, I 
trust, find my book not entirely useless. He will not 
remain where I have remained : he will look further. I 
do not lead him through an unfertile, but, for want of 
labour, an uncultivated field. For since the Differential 
and Integral Calculation employed the Analysts, Algebra 
has been little thought of. 

The next part will contain, besides the deeper researches 
about the general solution of equations, a great many 
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other subjects, and amongst them the important, almost 
inexhaustible, one, of the Analysis of Equations. I 
shall constantly, as far as my leisure hours permit, labour 
on the Third Part to hasten its appearance as much 
as possible. But if on all these subjects the same pains 
be bestowed, some time must elapse before its appear- 
ance. However, not to let my readers wait for what 
belongs to equations in particular too long, I am inclined 
to prepare for the next fair a supplement of about four or 
five sheets on this subject, and in it to communicate the 
complete Solution of the general equations of the fifth, 
sixth, and seventh degree. 

Berlin, October, 1808. 
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.DURING the period of my Undergraduateship at 
Cambridge, I felt, in common with the greater part of 
my fellow- students, the want of a copious and varied 
collection of examples to the various subjects treated in 
the elementary parts of Algebra. The work which I 
have now translated from the German of Meyer Hirsch, 
supplies the deficiency I then so strongly felt. It is not 
only far more extensive than some of those attempts 
which have been recently made, but arranged with 
much taste, and with suitable regard to the natural pro- 
gress of the student ; and, with the exception of equations 
of the higher orders, embraces all those topics which are 
usually considered as proper to be treated of by Algebra, 
such as the Indeterminate Analysis, the Diaphantine 
Analysis, Annuities, Chances, &c. 

The author, Meyer Hirsch, is not only one of the 
ablest of the continental mathematicians, but one of the 
most successful teachers of our time. Of the value of 
his book no higher testimony needs, or can be given, than 
the great number of editions the original has run through 
in the course of a few years. 

Westwell Vicarage, Kent, 
Jan. 1827. 
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I. — On the roots of equations, the sums of 

THEIR POWERS, AND THE PRODUCTS OF THESE 
POWERS, AND SYMMETRICAL FUNCTIONS IN 
GENERAL. 

i 

SECT..CN I. 

IN all good elementary books on Algebra it is shewn, 
that the first part of an equation of the undetermined 

nth degree .(*//) 

x n + Aar- l '+ Bx»-* + Caf^ + ... + Px + Q = o 
may always be considered as a product of n simple 
factors of the form a?— a, x— b 9 op— c, »— d 9 &a, and 
that then a 9 b 9 c 9 d 9 &c. are all the values of the unknown 
magnitude x 9 which verify the equation (\p). If we 
actually multiply these factors, and compare the pro- 
duct resulting from this multiplication with the polynomial 
in the first part of the equation, then we have the follow- 
ing relations between the coefficients A 9 B 9 C, D, &c. of 
the equation, and its roots a 9 b 9 c, d 9 &c. : 

— u4 = a-fi + c-fd + &c. 

B = ab -f ac + ad + be + bd + cd + &c. 

— C = dbc + abd +acd -f bed + &c. 



± Q as abed &c. 
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Thus the first coefficient A, with the sign changed, is 
always the sum of all the roots ; the second coefficient B 9 
with its own sign, is the sum of all the products of 
every two of these roots ; the third coefficient C, with 
the sign changed, is the sum of all the products of 
every three of these roots ; and generally the undeter- 
mined mth coefficient, with its sign changed or not, 
according as m is an odd or even number, is the sum of 
all the products which arise from the combination of 
all the roots, taken m and m together ; finally, the last 
term Q, (which may also be considered as the coeffi- 
cient of *",) with its sign changed or not, according as n 
is an odd or even number, is merely the product of all 
the roots. 

The coefficients A, B 9 C, D, &c, are consequently no 
other than the aggregates of the combinations of the 
roots a, 6, c, d, &c, taken singly (one by one), two and 
two, three and three, four and feur, &c., or, to express 
ttiyself tnore precisely according to Hindenburg, the 
aggregates of the combinations without repetitions of the 
first, second, third, &c. class. How these combinations 
rftay be easily represented, will be shown under the head 
of combinations, which are here supposed to be known 
only in their first principles. 

SECTION II. 

In the following pages, certain notations are frequently 
used, which, in fact, are already known to the greater part 
of my readers ; the meaning t>f these notations, however, 
in order to prevent mistakes and confusion, I shall give 
in this place. 



1* When determinate or indeterminate magnitudes 
are spoken of, all algebraical expressions, in which these 
two kinds of magnitudes are in any way involved, are called 
functions. We then use the formula : " This or that 
expression is a function of these or those magnitudes" — 
because we only mention the indeterminate magnitudes, 
omitting the determinate. 

On account of the particular use which we shall make 
of functions in this Work, I wish it to be remembered, 
once for all, that here (when the contrary is not expressly 
mentioned), only such functions are meant, as may imme- 
diately be determined by means of the six arithmetical 
operations of Addition, Subtraction, Multiplication, 
Division, Involution and Evolution, so soon as the 
magnitudes contained in these functions are known, and 
when they do not contain a magnitude considered as 
indeterminate either as the exponent of powers, or the 
index of roots. 

2. A rational function is one in which either there are 
no irrational magnitudes, or one in which at least those 
magnitudes which .are considered as indeterminate are not 
unde? the radical sign ; in the contrary case the function 
is an irratippaj one. 

3. Aq integral function is one in which either there is 
no denominator, or in which, at least, those magnitudes 
which are considered as indeterminate, are not found in 
the denominator ; in the contrary cape it is called a 
fractional function. 

The coefficients A, JB, C, &c. of the equation 0/0 in 



§ I., are consequently integral and rational func- 
tions of the roots a, b 9 c, d, &c., so long as these magni- 
tudes are considered as indeterminate. Here no reference 
is made to the particular properties of the magnitudes a, 
by c, dy &c. themselves ; consequently these may be 
rational or irrational, integral or fractional, and, generally, 
may have every possible form, or they may even be 
functions of other magnitudes. 

4. Those functions which are here called symmetrical, 
are those in which the indeterminate magnitudes are so 
combined, that, independently of the particular values of 
these magnitudes, no change takes place in the value of 
the function, however these magnitudes are substituted 
for one another. 

The coefficients A % By C, 2>, &c. of the equation ($) 
in § I., are .*. symmetrical functions of the roots 
a 9 by c, d y &c. ; thus they remain the same when a is 
substituted for by or b for c, or a for c, and b for d, and 
so in like manner of other substitutions. 

From this definition it immediately follows, that the 
sums,»»remainders, products, quotients, powers and roots 
of symmetrical functions, are again symmetrical func- 
tions, provided the functions, which are combined together 
by addition, subtraction, multiplication and division, 
contain all the same indeterminate magnitudes, and in 
the same number. Thus the expression 

(ab -f a c + bc) m + abc 

V (abc — a — b — c) 
is a symmetrical function of a, J, c, because ab + ac + bc, 
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abc 9 a -f b + c, are functions of this kind. Generally, every 
function of one or more symmetrical functions is always 
again a symmetrical function, when these last contain the 
same indeterminate magnitudes and in the same number. 
Now it may be shown that every rational, integral, or 

fractional function of the roots of an equation, however «? ' 

■■*■ _ f 

constituted, may always be expressed rationally by the 
coefficients of this equation. This highly important 
relation between the coefficients and the roots, has thrown 
more light on the theory of equations than any other ; 
and should human genius ever succeed in fully discovering 
the secret of its solution, so far as this is possible, it 
will probably be by such inquiries as are exactly founded 
on this very property. 

section in. 

Fob the sake of brevity and perspicuity, I shall use 
the following symbols : 

Let the sum of all the roots of an equation, their 
squares, their cubes, their biquadrates, and, in general, 
the sum of their /uth powers, be represented by (l), (2), 

(3), (4) (/u), so that only the exponents, but 

not the roots, are indicated, because the latter are not 
considered in the present case. Therefore, 
(1) = o +4 +c +i +e + &c. 

(2) ae C? + J 2 + C* + d 2 + C 2 + &C. 

(3) = a 3 + i 3 + c 3 + <P + c 3 + &c. 



(ji) =za* +fc* + tf A + d"+tf A +&c 
If the roots a, b, c, d, &c. taken two and two, be com- 
bined in all possible ways, and in each such combina- 
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turn every alternate root raised to the power a, the other 
tp the power 0, then the sum of all the products thu* 
obtained may be represented by (a0). Consequently, 
when only four roots are assumed, the equation (£), in 
§ I., is of the fourth degree, 

(a/5) m 

&V + <*i* + «P<* + <*e* + a»<# 4- a?d+ + 

In a similar manner (aj9y) denotes the sum of all the 
products which arise from the combination of all the 
roots, taken three and three, and in each sueh combina- 
tion raising one root to the power a, another to the 
power ft and the third to the power y, and this in as 
many ways as possible. When again only four roots are 
assumed, we . • . have 

a«W& + a*b*c? + a?b*cr + <&&<? 4- wire? + <&V& + 
cpWfr + a"*** + tfb*fr + afifafr + arW* + &Vfr + 
a^tf* + a**?* + aPcfdr + afcri- -f arcrtf + tf*c*d a + 
5«<ftrV + 6«wF + ftW* + Vcrd" + frmp + faftK 

In general, (a#7§.. ..»»*), when »i is the number of the 
letters a, 0, y, $, ...'••• k, demotes 4 sum of the pro- 
ducts which arise from the combination of all the. Wta to 
the mth class, and in eaqji glass one ropt i$ raised to the 
power a, another to the power ft a third to the power 7, 
and so on, in as many ways as possible. 

In order /. to represent actually the expression (af!y$ 

k), find all the combinations of the roots a, 6, c % d y 

&c taken m and n together, jjive the roots in each such 
combination the exponents a, ft y, , *, and 



permute the exponents in all possible ways. By this 
method we get 

a°i*c Y d* + a a V<?i* + + a*AVtf» + 

a a Ve# + a a bflc*e* + + a a iVc a + 

[aaafl0] = 

a a b a c a tfeP + a a b*cPd?eP + ... + tflffdre + 
a°b a c a d^ + a a b n cPd a /P + ... + aWefrf* + 

' &c. 

In order to render this notation more convenient, it 
would be better to use the repeating exponents in those 
terms where an exponent occurs more than once ; thus, 
for instance, [a?0*] instead of [aaa/3/3], and [a 2 /? 7 s ] 
instead of [aaggy y]. 

By § I., the relation between the coefficients and the 
roots of an equation may be thus represented : 
- A = [1], B = [11] » [l«], - C m [ill] = [I 3 ], 
J) = [1111], = [1*], - E = [111U]> = [l 5 ], &c. 

From the construction of the function [agy 8...... ie], 

it follows, that it belongs to symmetrical functions, because 
it undergoes no change when the roots a, b 9 c, d, &c. are 
substituted for one another. 

The function [ajSyS...*], or more generally [a*^-/©^ 
.».k&], I also sometimes call a numerical expression* 
The exponents, a, 0, y 9 S, ... k, are called radical expo- 
nents, in order to distinguish them from the repeating 
exponents a> b x c, d> ... A:. 

i The radical exponents may also be negative, and then 
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[-1] ='tf-» + b- 1 + <r l + Ac. = i+4-+ -+&c 

a b c 

f-2] = <r* + &-» + c-» + &c. = 1 +1+I+&. 

a ir tr 

[- M ] = a-* + ft"* + <r* + Ac = 1+^+1 +&c. 

and in the same manner 

[3^/5] so-"* 8 4- afy-° + <rV + aft-* + &c. 
W of c* of 
a a b a a a c° 

[^— #] ^a^b-p + <r*b-* + tr*c+ + crP<r* + ftc 

1 + 4r+4*+4^ + &c. 



fl°^ a*&* aV aft* 
and in a similar way it obtains with the numerical expres- 
sions, in which more than one negative radical exponent 
occur. 

SECTION i*. 

Pbob. To find the number of terms of whuft the nu- 
merical expression [<*$yS k] consists. 

Solution 1. Let the number of the rbots a 9 b 9 c, d, &c. 
«= n, and the number of the radical exponents a 9 $> y 9 $, 

- 

... k = m» 
% The terms which compose the numerical expression 

[a@y§ k] may be found by eombihiiig the n roots 

a 9 b, c 9 d, te. to the with class, and by peraiuttng in each- 
such combination the ife radical exponents a 9 jS, y, 8, ... k 
(§ III.) The number of these terms is consequently 4 
equal to the product of the number of cotaWnfttiottii of to 
things to the *tth class, and the number of permutations 
of wi different things. 
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S. But the number cfcotobiaa turns of n things, taken 
m and m> is 

_ n.n— 1 .ft— % .*..«». n—m+g , n— m-M 
1 • £ « 3 »•••*.«.»• m— 1 » wi 
and the number of permutations of m things is 

£5! X • 25 • *J ••••••••• If*™ - 1 • SS* 

4. Hence the number of the terms of the numerical 
expression [a0y$ ...... k] 

» . n— I . »—2 n— m+1 



■ ' i ■ ■ " 



_ X 1 ."2 . 8 ...m 

1.2.3 m 

== n . n— 1 . n— 2 . n—wt + 2 . n— ro+ 1 

SECTlbN T. 

Pkob. To find the number of the terms of the nume- 
rical expression [cpf$>y*& ...>,. «*]• 

Sduiion 1. Let the numbet of all the foots c, i, c, tf, 
&C==ft / let the number of the rA&Tcal exponents, without 
reference to their equality of ditfetentte, ori which is Ac 
same in this cAse, let the sum of the repeating exponents 
*+$+*+&+ +i,&c.=m. 

8. Sifcce each tern of [**i3VS& ♦**] contains « of 

the roots a, ** o> ^ **., i» ord* to find the number of 
terms, we must here, as in. the preceding section, multiply 
the number of combinations of n Jfoote taken m and a» by 
the number of permutations of their m radical exjpopexUs* 

3. But the former 

— n * ft— * • **— 2 n— ro+2 . w— ro+1 

""1.8 . 3 »— 1 • ** 

-j- c 



&** 
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The second will be obtained by finding how often the 

letters a, 0, «y, S, , *, can be transposed in a serial 

of elements eflffiy 1 ^ **, in which one letter occurs 

a times, another n, a third r, and so on. The number 
of these transpositions, however, is (as may be seen from 
the rule of combinations) 

1 • 2 • 3 • 4 ••••«.. • fft — 1 • tn 

1 • %•••& XI* S5...B X 1 • *•»•* X • •• XI* 52*».R 

4. If.*, these two numbers are multiplied together, 
we obtain the number of the terms of [cP0by r 8t **] 

__ n . n—1 . n — 2 .. n— w + 2 > n— ro-f 1 

~~ 1 . 2...8X1 . 2.. Ax 1 ♦ 2. ..ex x 1 .2 ...it 

Corollary. If the m radical exponents are all different 
from one another, then, by the preceding section, the num- 
ber of terms = n . n— 1 . n— 2...n— m-f 2 . n— m+1. 
Hence it follows, that in the numerical expression 

Ja a g*Y c 8& K ft], the number of terms is less by 

l . 2. ..a x l • 2. ..ft x l . 2...c x x 1 . 2...k than 

» 

when the radical exponents are different. 

Example. For the expression [<* 4 /3 3 7*], when the 
equation to which it relates is of the twelfth degree, we 
have n = 12, a = 4, ft = 3, t = 2 ; .*. m = 9. The 
number of terms, of which this expression consists, is con- 
sequently 

12 . 11 . 10 «9 • 8 . 7 . 6. 5 . 4 



2.3.4x1.2.3x1.2 



= 277200 



1 1 
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SECTION VI. 

Pbob. Let £ denote the sum of all the combinations 
without repetitions of n letters a, b 9 c 9 d, &c. of-the wth 
class ; further, let 2' be the sum of all the combinations 
of this class, which do not contain a ; S 7/ the sum of all 
those which do not contain b; 2 /7/ the sum of all those 
which do not contain c, and so on ; find the relation be- 
tween 2' + 2" + 2 7// + &c. and ?. 

Solution 1. If in 2', 2", 2"', &c. all the combina- 
tions are completed, or if SssS'sS^ss 2 /// = &c. thetf 
2 / + 2 // + 2 y// + &c.=n2. But since in these some of 
the combinations are wanting, consequently their sum 
must be less than n 2. 

2. But it is evident, that each distinct combination 
contained in 2 must be wanting in the sum 2' + 2 /7 + 
2 //; -f &c. exactly as many times as it contains elements. 
Then supposing the different combinations in 2 consist 
of four letters, then, for instance, the combination abed 
fails once in 2', 2",' 2"', 2 J 



*ir 



3. If . • ., in general, m is the number of elements con- 
tained in each combination, then the sum of all the com- 
binations which fail in 2' + 2" + 2 /7/ + &c. is m 2. 

4. Hence and from 1, it follows, that 

2' + 2" + 2 //; + &c. = (n—m) 2. 

Corollary. Therefore 2' + 2" + 2 7// + &c. for the 
first class = (n— 1) 2 ; for the second = (n-2) 2 ; for 
the third = (n — 3) 2 ; and so on. 



f-Jv ** * 
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Example. Let 2 be the sum of all the combinations, 
taken three and three, of five elements a, i, c, d, e ; then 
5 = abc + abd +afc + acd + ace + ade + bed + bet 
+ Me -+■ ccfe, S' = feed + ice + ftde + c«fe, 2" = <wd+ 
ace + ade + afc, S 7// = aid + aie + ade + Me, S /F = 
abc + abe + ace + bee, S F = abc + aid + acd + Jed, 
and 2' + S" + X'" + S" + S K = 2 S = (5 - 3) S, 
as was required. 

.< 

SECTION VII. 

4 

Prob. There are two equations, 
of + Axf 1 + JRr-* + Cr— 3 + &c. = o 
aT" 1 + A'tT-** BV-HC'jr 4 + &c. = o 
of which the second has the same number of roots as the 
first, except a : find the relation between the coefficients 
of these two equations. 

Solution. The second equation may be obtained from 
the first, by dividing the latter by *r— a. By actually 
performing this division, we obtain 

x"- 1 + (a + A) x*- 1 + (a* + a A + B) XT'* + 
(a 3 + a 2 ^ + aB + C) x*-* + &c. = o. 
Hence now it follows, that A'^a + A, Bf^tf+aA + By 
C f =zc?+c?A + aB+C &c. and, in general, 

A' = a~ w + a w ~ 1 ^ + aT- % B + a^C + +A 

m m 

When A and A 7 denote the mth coefficients in the first 
and second equations. 

SECTION VIII. 

Prob. From a given equation to find the sums of the 
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squares, cubes, biquadrates, and, generally, the sum of any 
power of its roots, without knowing these roots, assuming 
that the exponent of this power is a whole positive number. 

Solution 1. JLet 

x" + AaT 1 + Bar* + OV" 3 + + Px+ Q = o 

be the given equation, whose roots are a, 6, c, d, Ac, 
Further, let 

r- 1 + j'jr* + jff'x- 3 + CV- 4 + &c. = o 

*-' + A"aT* + B"aT* + CaT* + Ac, = o 
•r^ 1 + ^'"jT 1 + jB"V~ 3 + C"'*"- 4 + Ac. =■ o 

Ac. 

be the it equations, which arise from dividing the given 

equation by x— a, x—ft, x— • c, &c. successively. 

2. Then the coefficients A y B, C f Z>, Ac. are the posi- 
tive or negative sums of the lcttw a, taken singly, two and ^Vtr^ -^ 
two, three and three, four and four, and so on, of n roots 
a, ft, c, rf, Ac. ; the coefficients A\ B' y C, D 7 , Ac., the 
sums of the fevers, taken singly, two and two, three and y %.<s\ * 
three, four andiour, and so on, of the n— 1 roots, 6, c, d, 
c, Ac. ; the coefficients A u y B", C", D", Ac. ; the posi- 
tive or negative sums of the n— 1 roots, a, c, d, e, &c. 
taken singly, two and two, three and three, four and four. 
Then (§ VI.) 

A' + A" 4t A"' + Ac. = (n-1) ^ 

# 4- B" + JB"' + Ac = (n-2) B 

C" + C" + C" + Ac. « («^8) C 
&c. 

S. But from the preceding § 



A 



l 
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A' = a + A,A» = b + A 9 A" 1 = c + A, Ac. 
If we use the symbols in § III., we consequently have 

A' + A" + A m + &c. = (l) + nA 
Since further (foregoing §) 

Bf = a* + aA + B, B" = i 8 + b A + j8, 
JB"' = c 2 + c^( + B y &c. 
then we have 

B / + J3" + J?"' + &c. = (2) + A (1) + nB 
In like manner we find 

C + C" + O" + &c. = (3) + A (2) + B(l) + nC 

<&c. 

4. From % and 3. we obtain the following equa- 
tions : 

(1) + nA = O-l) A 

(2) + ^ (1) + nB = (n-2) J5 

(3) + A (2) + B (1) '+ »C = (n-3) C 

&c. 

or 

(1) + A = o 

(2) + A (1) + 25 =: o 

(3) 4- ^f (2) + B (1) + 3 C = o 
and in general 

HI— 1 ttt 

(m)+A (ro— l) + J?(m-2) + ... +^T (l)+mji = o 

where A 9 A 9 denote the (m— l)th and the mth coeffi- 
cients when, m < n. But if m = or > », then the con- 
clusions which have been drawn no longer obtain, because, 
in this case, the sixth section, on which they are founded, 
ceases to be applicable. We can, however, for this case 
find a similar equation by another method. 
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5. Thus, if we multiply the given equation by *""% 
we obtain 



x m ,+ Jx 111 " 1 + EsT-* + + /V~ +1 + Q**-^ = o 

and if we substitute in this equation a, &, c, d succes- 
sively for x, we have 

a m + ^a w - 1 + 5a*" 2 + + Pa*""* +1 4- QaT^ s= o 

ft m + ^fr"- 1 + jBft^ 2 + + Ptr~+ l + Qb 1 *-* = o 

c m + JcT* 1 + jSc"-* -f + Pc"-* 1 + Qc"-" = o 

<&c. 

If we add these equations together, we obtain 

O) + A (ro— 1) -f B(m— 2) + -f P(m-» + I) 

-f Q(ro— n) = o. 



6. If in this equation we put wt = n, then, because 
(0) = a° + 6° + c° + <J° + &c. = n we have 

(n>+ ^(n-l) + #(n-2) +. + P.(l) + «Q=o 

• 

7. By means of the equations found in 4. 5. and 6. we 
are now enabled to express the sum of every higher power 
by the sums of all the lower; and consequently, when 
these last are found, we are enabled to find the former. On 
account of the frequent use which is made of them in the 
following pages, I shall here arrange them together. 

(1) + -4 = 

(2) + A (1) + %B = 

(3) + A (2) + B (I) + 3C = 

(4) + A(S) + B($) + C(1) + 4Dbbo 



• 
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(ii~l) + ^(n— 2) + J9(n-S)+... + iM r (l)+(*--l)/ , =o 
(n) + ^(n-l) + fl(n-2) + ...+ P(l) + nQ=o 
(n+l)+A (n) + 5(n-l) + ...+ /* (2) + Q(l) = o 
(n + 2) + ^ (»+l) + £ (n) +...+ P(3) + Q(2) = o 

(m) + -4(m-l) -f J8(m-2) + + P(m— n-f 1) 

+ Q (m— n) = o 



8. From these equations we successively obtain 
(0 = - A 

(2) = A 2 - 2.B 

(3) = - ^ 8 + 8JB - 3C 

(4) = A* - *A*B + 2B* + 4^C - 4D 

' (5) = ~ ^ + 5^ 3 5 - 5^J8« - 5A*C + 5BC + 
5 Ad — 5E 
(6) = A 6 -6A A B+94 2 B*-2B* + 6A 3 C'+124BC 
+ 3C* - 6J 2 /> + 6JBD + 6AE - 6F 

&c. 

and consequently the sum of the powers of the roots are 
expressed directly by the coefficients of the given equa- 
tion. 

Example. When the equation: x* — a? — 19# 2 + 49ar 
-30=0, J=-1,J?=- 19, C=49, 2)= -30. By 
substituting these values in the equations in 8. we obtain 
(1)=1, (2) = 39, (3)=~89, (4) = 723^(5)== -2849, 
(6) = 16419, &c. Any person may easily convince him- 
self of tie truth of these results, by substituting in the 
first equation 1, 2, 3, — 5 for x. 



X 
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Remark. The formulae in 8. ate known by the name 
of the Newtonian Theorem, because Newton is supposed 
to be the first who has mentioned it. Other proofs of 
this theorem, and also much information relating to 
the subject itself, may be found amongst other matter in 
Kastner's Principles of Finite Analytical Magnitudes, 
third edition, p. 538, &c. also in Kliigefs Mathematical 
Dictionary, part first, p. 465, &c. Art. Combination. 

SECTION IX. 

Psob. The sums of the powers of the roots of an 
equation, or the expressions (1), (2), (3), &c are given : 
find the coefficients of this equation. 

Solution. From the equations in 7. of the foregoing 
section, we obtain by transposition 

^ = - (i) 

' B (l) + A (a) + (s) 
C_ 



D = - 



C(l) + B(i) + A (S) + (4) 



4 
4c. 
By means of these equations we ate enabled to determine 
successively the coefficients A t B, C, D, &c. when the 
numerical expressions {1), (2), (3), (4), &c. are given, as 
they are assumed to be in the problem. 

section x. 

» 

Peob. From a given equation 

*» + Aa*~ l + Ed*-* + .... + M« 8 + JVa* + Px+Cl^o 
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whose unknown roots arc called a, 6, c, d, &c. "find 

another, whose roots are —,-.,—, -~, &c. 

abed 

Solution. Substitute —for ir, and then multiply the 

whole equation by y ; we then get 

Qf+ Ptf- 1 + NjT % + itfjr 3 + +Jy+l=o 

or 

J^+^ + ^ + fr- + +4+$-. 

and this is the required equation. For since # = — , 

y 

then y=— 9 and since a, 6, c, <J, &c. are the values of a?, 

1111 
then —,--,—, __ , & c . are the values of y. 



abed 



1111 



Corollary. The roots _, _ _, -, &c. v in reference to 

a b c a 

the roots of the given equation, we term reciprocal roots. 

Therefore, if of + Jar~ l + BaT* + + Mx 3 + 

iW -f Px + Q=o be any equation, and x* + A'af- 1 + 

B'of-*+C'x^>+ +P<x+Q? = o, be the equation 

for its reciprocal roots ; we then have 

SECTION XI. 

Prob. Find the sum of a power of roots* when the 
exponent of this power is a whole negative number. 
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Solution. Let * 

a*+Jx»- l + + Mx 3 + No^^ Px + Q=so 

be the given equation, and 

of + A l a?- X + B'at- 2 + CV-* + ...... +P'x + Qf = o 

the equation for its reciprocal roots (foregoing section.) 
Then according to § VIII, when the numerical ex- 
pressions (1), (2), (3), &c. are taken in reference to the 
second equation, 

(1) + £ = o 

(2) + A' (I) + %B 1 = o ' 

(8) + A'(*) + B 1 (1) + 3C = o 

% But (1), (2), (3), in reference to the second 
equation, are precisely what (—1), (—2), (— 3),&c. are 
in reference to the first equation ; we have . * ., when for 

P N At 

A', B' 9 C 9 &c. their values ~, — , ^r, &c., are substituted 

Vt kt % 

(foregoing section) 

P qN 

( _ 2) + | ( _ 1) + _ = „ 

P AT slf 

(-n+^(-2) + f(-i) + ^ = o 

&c. 
from which we can determine successively the sums of 
powers for negative exponents. s 

Example. When the equation ao 4 — a 3 — IQx* -f- 49* 

— SO = o, we have Q = — SO, P = + 49, JV = — 19, 

i , x 49 , ^ 1261 

ilf =5 — 1: we have .•. (— 1) = — ,(-2) = — —, 

K f SO 900 
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oi 1 5Q 

C— 3)== . Any one may readily be convinced of 

v ' 27000 : J J 

the accuracy of these results ; for the roots of the given 

equation are 1, 2, 3, — 5, consequently (—1)= 1 + 

I + 1_I = !?, ( _ 2) = 1 + I + I + _L = !£* 

2 S 5 30 V ' 4 9 T 25 900 

(—3) = 1 + — H = 9 &c. 

v ' 8 27 125 27000 

SECTION XII. 

Pa ob. Express the symmetrical function (a@) by the 
sums of powers. 

Solution. For the sake of greater perspicuity, I shall 
assume that there are only four roots, because this does 
not affect the general principle. Then 

(a) = <P + ft* -f c* + d« 
(jS) = a* 4- V + s + dK 

If we multiply these equations together, we then obtain 

(o) (/3) = a« + * + b** + c*^ + d* + ? + 

<£*& + ofb* + arc* + <iPc* + a- # + a fl d a + 
frc 8 + ft*c* + ft*# + ft? a 7 * + c«<P + c 9 a>. 

The first row of the second part of this equation = (a + 0), 
and the remaining two rows = (a/3); consequently we 
have 

(X) («)(£) = (a + 0|(a0) 

and .'. 

(a/3) s (a) (/3) - (a + 0). 
It is easily seen, that these conclusions obtain, let the 
number of the roots be what it may. Since then (a), (£), 



21 

(a + 0), are only the sums of powers, what was required 
is now done. 

The radical exponents a, ft may besides be either 
positive or negative. For example, if a be negative, 
then wc have _^— <«■» 



(_«0)=(-a)(0)/?(|g-a) 
and when a and are both negative, 

C 1 ^^) = (-a) (-0) -(-a-0). 

Corollary, Since we are always enabled to express the 
sums of powers, either for positive or negative exponents, 
by the coefficients of the given equation, in like manner 
we can always find the values of the expressions of the 

V a? (f 
form a*# + <#b* + a*c? + a?c* + &c , — + — + — + 

a 9 ft* a* 

h &a, — rr- + — s-7- H r + -z h &c. from 

c* a-ft* aP6 a a-cP ofc* 

these coefficients, .without knowing the roots. 

SECTION XIII. 

Peob. Reduce the numerical expression (a£y), which 
contains three radical exponents, to a numerical expression 
containing no more than two radical exponents. 

Solution. For the sake of perspicuity, I shall only 
begin with three roots a, ft, c. If we multiply the 
equation 

(a@) = a*V 4- d 3 ** + a*c? + a?<? + ft-c* + ft*c* 
by 

(y) = a* + ft y + c y , 
we then obtain 



• 
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(?)(«*) = 

a«y cfy + arfrcP + a?fr»cv + a^c + fpb*& + arV&*. 

2. Now since the first row in the second part of this 

equation = (a+y0) 9 the second=(£+ ya), and the third 
= (a£y), we consequently have 

W) (?) (<*0) = (o + yg) + (fl + ya) + (agy) 

and hence further 

(agy) = (y) (aj3) - (a + y 0) ? (f+i a) 
The functions (a£y) is reduced to three others (aj3), 

(£-f-y|3), (|3 + ya), each of which contains only two 
radical exponents, as required. 

8. But since in this case only three roots a, b, c, were 
assumed, there may be a doubt as to the general appli- 
cation of the result so found. The following proof will 
remove this doubt. 

9 

4. In the first place, it is evident, that there are no 
equal terms in the product (y)(a£). Take any term, 
for instance bP +, *d a of this product. This term can 
arise in no other way than by the multiplication of by in 
(y) by ¥ df* in (a0). If this term occurred more than once 

[ft -i<vfn-ti& t -i'l}n tne «wnlntion of (y) (a/5)> then Wd* must also occur 

„ more than once in (a£), which is impossible. But in 

the aggregate (o + yjS) + (/T+~ya) + (a 0y), which 
constitutes the second term of the equation (\p) 9 there arc 
not even two equal terms ; this immediately appears from 



i 
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the construction of the numerical expression, of which 
this aggregate consists. 

5. But when the number of roots » n, the numerical 
expression {a0) consists of n . n — 1 terms {% IV), 
and consequently the product (7) {ajff), of 1? . » — 1 
terms. The number of terms, which the sums (a+^/S), 

(£ + 7*)> (*^7) contain, are for each of the two first 
=n . n— 1, and for the last = n . » .— 1 . n — 2 ; con- 
sequently for die aggregate (a -f 7$) + (g + 7 a )-f 
(a/37) = 2n . n — ■ 1 + n . n — 1 . n — 2 as v? . n — I. 
This aggregate . * . contains exactly as many terms as the 
product (7) (ag). 

6. Further I affirm, that in the aggregate («+y£)-f 

(£H-y*) + O*07) there can he no term, which is not 
also ip (7) (*0) : for if, for instance, the terms c? + ? -Kc^, 
VcPe? aTe not in (7) (a£), then likewise the terms c a dP 9 
d*e a are not in (a0) ; which is impossible. 

7. From these conclusions it follows : first, that the 



terms of each of the two functions (7) («£)> («+70) + 

(8 -f 7*) + (*&y) **e different from one another; 
secondly, that the number of terms in the one is the same 
as in the other; thirdly, that there ean be no term in die 
second, which is not also contained in the first. Hence 
it evidently follows, that they must be the same, and 
£b?t consequently the equation (\p) is true for every 
number of roots. 
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SECTION XIV. 

Prob. Reduce the numerical expression (<x0y8), with 
four radical exponents, to another, in which there at 
most only three radical exponents. 

Solution 1: If we examine the equations (x) and (\p) 
§ XII and XIII, we are justified by analogy in making 
the following hypothesis : 

(*) («fry) = 

(r+1Py) + (fi + Say) + (y + 8*0) + («M). 
In order to prove that this hypothesis is allowable, we can 
proceed in the same way as in the foregoing Section. 

2. In the first place it may be proved, that in the 
function ($) («£y), no term can occur more than once. 
For if, for instance, the term b a+ * + c y fP, or a° cP &* e* is 
oftener contained in this function, then also must &&/**, 
or a a cf*d y 9 be oftener found in («0y), which is impos- 
sible. But from the nature of the function (« + 8/3y)-f 

(0 + Say) + (y + Sag) + (*|3y$) it can contain no 
term more than once. Consequently the terms of both 
functions are all different from one another. 

8. The number of terms in («j3y)=n . n— 1 . n— 2 
(§ IV), consequently those in the function ($) («£y) 
== n* . n — 1 . n — 2. The number of terms in the 

function (a + 8|3y) + (0 + Say) + (y + Sa0) + 
(a£y$ = 3xn. n — 1 . »— 2 + n . »— 1 . n— 2 . n— 5 
s=n* . n— 1 . n— 2. Both functions .\ have the same 
number of terms. 
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4. Further, in the function [a + $&y] + [jS + Say] 

+ [y + Sag] + [«£y 8]» there can be no term which 
is not contained also in. the function [$] [«0y]. For if, 
for instance, the term i *?^*, or aPVe*/*, in the first 
function, be not also contained in the second, . a . also 
fr&ef*, or aitfe* is not in [<*0y] ; which is impossible. 

5. From 2, 3, 4, it may be inferred, as in the fore- 
going section, that the two assumed functions must be 
equal, and that consequently the assumed equation is 
correct. 

6. But from this equation we obtain 

[apyS] = 

[8] [*0y] - F+l^y] - [0 + Say] - [y + $*&] 
which verifies the problem, because in the second part of 
this equation, besides [8], there are only numerical expres- 
sions with three radical exponents. 

SECTION xv. 

Pbob. Reduce the general numerical expression 

[a£yS tfcA] with m radical exponents, to others,. 

which contain at most m — 1 radical exponents. 

Solution I. From §§ XII, XIII and XIV, we have 
sufficient reasons for assuniing the following equations : 
0] [«j9yS...iic] = 

[a + AjSyS ... ac] -f [0 + A*yS ik] + [y + Aaj3§ ... lie] 
+ + [ic + A*0y8 ... + [affyS ... ikA] ; 

the accuracy of which may very easily be proved. 
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♦ 

2. For, in the first place, it may be proved by a similar 
manner as that used in §§ XIII and XIV, that both the 
function in the first part, and that in the second part of 
this equation, contain terms widely different from one 
another, and that for each term in the second of these two 
functions, there must be one equal to it in the first. 

3. Further, since all numerical expressions in the 
equation contain *m — 1 radical exponents, [X] and 
[ajSyS... ikX] excepted, of which the last contains m 
radical exponents; .*. by § IV, the number of the terms 
in the function of the first part of this equation 

= n x n.n — 1 . n — 2 » — m + 2 

and in the function of the second part 

= m— I x n.n — I . n— 2 n-— wi + 2 + 

n . w— 1 . n— 2 ...... »— m+2 . n — m -f- 1 

= n x n . n- 1 . n— 2 n — m -f- 2. 

These two functions consequently consist of the same 
number of terms. 

4. From % and 3 we may infer, in the same 
ftftnner as in §§ XIII and XIV tlte accuracy of the 
assumed equation. Froni this equation, however, we 
obtain 

(0) OjSyS ... £*X] = [X] [a/3<y S ... lie] 

— [a+Ajffyo ...'ik| — [0 + XayS... (*} 

~ — [k + XajgyS ... t] 

which answers the condition of the problem. 

Remaek. The formula (0) obtains both for positive 
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and negative radical exponents, because the conclusion* 
remain tbe same when the signs are changed. By means 
of this formula we are enabled to reduce any numerical 
expression [agyS ...\] to others, which contain one 
radical exponent less ; and if we continue the operation 
with this diminished radical exponent, we at length arrive 
at sums of powers only, which, whether the exponents be 
positive or negative, may again be always expressed, by 
§§ VIII and XI, by the coefficients of the equation, to 
which the numerical expression refers. 

SECTION xvi. 



N 



Hitherto it has been assumed, that the radical expo- 
nents in the numerical expression [a£y§...A] are all 
different from one another. If this be not the case, and 
the expression is consequently of the form [a*gky r 8&...ic*], 
then the preceding formulae, if we wish to apply them 
fuf ther, must undergo some modifications. It has already 
been shewn in § V, that if two numerical expressions 
\eP0by t &... k*], [<*£y §...£], the first with, and the 
othek without repeating exponents, contain the same 
number of radical exponents, the number of terms in the 
first is less than those in the second by 1 . 2 k .. a x 1.3 

...6x1 .g.r.f X xl .2... It. The reason of this is 

only to be accounted for in this way, that in the case of 
equal radical exponents, there are exactly the same number 
of terms, which are equal to one another in the numerical 
expression [afiyd ... g] for each combination of the roots 
a, b 9 c, d, &c, of which terms, only one is retained in 
[oP&y*®* ... k*], as we already know from the rule of com- 
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binations. * Hence, however, it follows, in order to adapt 
the formulae already found to this case, that each expres- 
sion of the form [eflffiy*®* ... k^] must be multiplied by 

the number 1 ,2 ...a x 1 .2 ...fix 1 . 2 ...t x x 

J . 2...S, &c. whose magnitude depends upon the repeating 
exponents a, fi, f, ft, &c. For shortness' sake, in the 
course of the calculation, I shall denote this factor or 
coefficient by k, and when there are more, by ic, tsf 9 k", 
Ac, 

SECTION XVII. 

Paob. To reduce the numerical expression [a*], with 
a equal radical exponents, to others, which contain only 
a — 1 radical exponents. 

Solution 1. Assume that the numerical expression 
£a0yS...£fcX] in the equation (0), § XV contains a 
radical exponents, and that a = £ = y = S= ..;. =s X ; 
then this expression is changed to [a*] ; further, the pro- 
duct [X] [a y 8 ... i k] to [«] [<**"*], and all the remain- 
ing a — 1 numerical expressions in the second part of this 

equation to [2 a a 3 " 3 ]. For the reasons given in the fore- 
going §, if the coefficients k, k / > k", are prefixed to the 
numerical expressions, we then obtain, 

K .[««] = ^[a] [*»->]-- [a - 1] «" \*Z*-*} 

2. But k=i . 2 . 3 ... a, j/=l .2.3... a-rl, *"= 
I. 2. 3. ..a— 2. By substituting these values, and 
then dividing by 1 . 2 . 3 ... a— 1, we then get 

a [cfl] = [a] |>*- a ] - [2^Ta*-*]. 
Consequently by this equation [«*] is reduced to the 
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numerical expressions [a* -1 ], [2a cP~*] 9 each of which 
contains only a— 1 radical exponents. 

SECTION XVIII. 

Pbob. Reduce the numerical expression [<**£*], with 
a + b radical exponents, to others, which contain one radi- 
cal exponent less. 

Solution 1. From the equation (0), § XV, when we 
put a of the radical exponents = a, and the h remaining 
ones = 0, we obtain 

3. But (§ XVI) 

K =1.2.3 ...a X 1.2.3 ...ft 

tsf =1.2.3 ...a — 1 X 1 . 2 . 3 ...ft 
ic" = 1.2.3... a— 2 X 1 . 2 . 3 ... b 
,/"= I . 2 . 3...a-l x 1 .2 .3. ..4—1 
If we substitute these values, and then divide by 

1.2.3... a— 1 x 1 . 2 . 3 ... i, we obtain 

a. [**£*] = •_ 

[a] [a*- l 0*] - [2a o«-*/3&] - [a + ^aa-^tr-i] 
which was required. 

SECTION XIX. 

P&ob. Reduce the numerical expression [** £*?*], 
with a + b + 1 radical exponents, to others, which contain 
one radical exponent less. 
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Solution 1. . From tbe equation (0), § XV., when 
we put a of the radical exponents = a, b of them = /?, 
and the remaining ones t = y, we get 

«! . [a] [o^eV] - [a-i] . *" .(>«*-* eV] 

- t . k* [> + y a*" 1 jS^y*" 1 ] 

2. But 

K = 1 .2.3 » a X 1 . 2 . 3 6 X 1 . 2 . 3...C 

ic' =1.2. 3...a—l xl . 2 . 3.....4xl . 2 . 3...C 

i/' =1.2. 3. ..a — 2 x 1 . 2 . 3 b x 1 . 2 . 3...C 

V" = 1 . 2 . 3... «— 1 X \ . 2 . 3..fc-l X 1 . 2 . 3...C 
k^ =1.2. 3. ..a— 1 Xl . 2 . 3.....QX1 . 2 . 8...C—1. 
If we substitute these values, and then divide by 
1.2. 3. ..a — 1 xl . 2 . 3...&X1 . 2 . 3...C we obtain 

a [ofifl /] = [a] [a*- a j3*y<] - \%d efi-% & *f\ 
~ [^Tlf**- 1 /?*- 1 y<] - [a + y cfl" 1 fly*" 1 ] 
as required. 

SECTION xx. 

Prob. Reduce the general numerical expression 
[ofl 0* </ 8& ... K W], with a + * + t + & + ... +it + I 
radical exponents, to others, which contain one radical 
exponent less. 

Solution 1. If we compare the operation in §§ XVIII, 
XIX, XX., we shall, with very little trouble, obtain from 
it the following general equation : 
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(O a[«*^7<8*...ic*Al]:= 



- - [a + icw^" 1 /*/^...*-^ 

in which each of the numerical expressions in the second 
part contains no more than a + ft + *-f-B+ •••••• + ft 

+ I — 1 radical exponents. 

The formula thus found obtains, as also the one in 
§ XV, whether the radical exponents, a, 0, y, &c. 
be positive or negative, because in this case the conclu- 
sions remain the same. 

For the particular case, in which a = 1, this formula 
ceases to be applicable, because the repeating exponents 
a — 1, a— 2, which are contained in it, then become and 

- 1, which is impossible. In this case we must make 
use of the following formula : 

[a0VS*... lc fcXI] = 

- l^Tyf&y*- 1 ®... k*AI] - 

- [7T+T&i i & ... ic*AH] 

which may be derived from the same sources as the pre- 
ceding* 

Remark. By means of the equation ( d ) we are no*r 
enabled to reduce every numerical expression of the form 
[<£** (3*y* 8&* . .ic* A 1 ], by a certain reduction of the repeating 
exponents, to another numerical expression of the form 
\*0y$... kX\ ; and since this last, by means of the 
equation (0) in § XV, may always be reduced merely 
to the stims of powers, and • * . may at length be expressed 
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v. 

by the coefficients of the given equation ; consequently 
we are always enabled to express any numerical expression 
of the form [cfl0by c &* ... k^A*] by the coefficients of the 
given equation* 

Moreover, the equation ( <L ) is always true, so long as 
we assign no determinate values to the radical exponents 
a 9 ft 7> $9 & c * For determinate values, it may happen 
that radical exponents are equal to one another, which 
in the general expression were considered as different: 
thus, for instance, when in the equation ( d ) 2a = 0, 
or a 4- = y. In such cases as these, we shall do well, 
in order to avoid mistakes, to add the following equation 
derived from (0), § XV : 

•c . [cflf&y*® ... k*XI] = ic 7 . [a] [a*- l fiy*® ... kW] 

- * , V" . [T+laS-^ys*... K k\\] 

&c. 

in which the coefficients, k, k/> *", ic" 7 , &c., have the 
values given in § XVI. 

Every integral or fractional rational symmetrical func- 
tion of the roots a, 4, c, d> &c, however constituted, must 
necessarily be composed of numerical expressions of the 
form [a a 0>y c ...\T\. Now since these last, as we have 
already seen, can always be expressed rationally by the 
coefficients of the equation to which they relate, conse-, 
quently also the former, can always be expressed rationally 
by these coefficients; to prove which was the aim of the. 
present chapter. 

Since, however, the rule of symmetrical functions 
is of the greatest importance in. the theory of equa-. 
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turns, it is often requisite to express these functions by 
the coefficients of the given equation, I have . * . subjoined 
three, tables, in which all numerical expressions, in which 
the sum of the radical exponents does. not exceed the 
number 10, are fully calculated. Thus .Table I* con- 
tains, in six small tables, the values of all numerical 
expressions for the Nos. 2, 3, 4, 5, 6, 7 ; Table II, 
those for the Nos. 8 and 9 ; and Table III, those for 
the No. 10. The arrangement of these tables is evident 
at first sight. The letters A, B, C, D, &c. are the 
coefficients of the equation x" — Ax 9 ^ 1 -f Ifa""* — Cfr*"" 3 
-f Da:""" 4 — Ex*-* + &c. = 0, which is the basis of the 
numerical expressions, and these last, for the sake of 
facilitating the calculation, are assumed with alternate 
signs. In the horizontal lines, the numerical expres- 
sions themselves are found in a combination series ; in 
the first upper horizontal series, are the different terms 
of their values, and in the vertical columns under them 
the numerical coefficients belonging to each term, accord- 
ing to the difference of the numerical expressions. Where 
there are terms wanting, or the numerical coefficients = 0, 
asterisks are placed. Thus, for instance, in Table III 
[124 s ] = B*D -3 ABCD+S OD + 3 A*JD*-3 BE? 
—AB*E + <&A*CE +BCE -8 ADE +5E*+A*BF 
~B*F -8 ACF +9 DF -6 A*G +17 ABG -15 
CG + 6 J*ff— 11 BH -6AI +15K. 

These tables were calculated by means of the equa- 
tions (0) and ( D ) in § XV. and § XX. For the 
more easy* application of these tables, it is, however, 
necessary that the calculation be made successively, and 

• Afefe— »These tables art to be found at the end. Translator. 
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that, in order to 'find the numerical expressions for any 
determinate sum of theadieal exponents, we should £tst 
know all those for lower sums. Likewise the suns of 
powers must be previously calculated by means of the 
equations in 8* •§ VIII, w*hieh equations, on account of 
the change of the signs in the assumed equation, have 
the following values : 

(1) = A 

(2) = A 2 - 2B 

(8) * A 3 - SAB + sC 
(4) *r A A - *A*B + *AC + 8lP — 4D 
&c. 
Thus, for the successive calculation of the numerical 
expressions, Table III, ire have the following equations : 
<10) =(10) _ 

(19) - (t) (9) - (W) 

(28) ==(2) (8) -(10) 

(37) = (S) (7) - (10) 

(46) =(4) (6) -(10) 

2 (S*) « (*) (5) - (10) 
-2 (1*8) = (1) (18) - (28) - (19) 
(127) - CO (87) — (87) - (28) 
<W6) - (l) ; (36) -.(46) - .(37) 
(145) ■;= (1) (45) - 2 <5») - (46) 
2 (2 S 6) = (2) (26) - (46) - (2*) 
The numerical expressions in the first p$ri of the. equa- 
tions, depend .here, as is easily seen, either on the fore- 
going, or on such numerical expressions as have a less 
■sum pf radical exponents, which, when these last ate 
already found, may successively be determined. 



(35) 



II.— -Complete solution of the symmetrical 

JUNCTIONS OF THE HOOTS OF AN EQUATION. _ 



SECTION XXII. 



TO solve a symmetrical function, here means no more 
than to find an expression for it, which contains only 
.sums of powers. 

A compound radical exponent implies one, which is 
compounded of more than one compound one, as a + 0+ 
7+8+ &c. in (a+/3+y + S+&c), or (aa+fc|3+cy + d8 
+ &c.) in (aa+6£+ey + dS+&c.) The terms of the 
first are a, 0, y, 8, &c. ; the terms of the latter are 
aa 9 bf} 9 cy, d8, &c. In the opposite case, a and aa 9 in 
(a), (aa), are simple radical exponents. 

In order to show, that a numerical expression, viz. (a), 
can he raised to any power /*, I shall merely write (ay. 
We must then very carefully transform (a)** into (a M ) ; 
for (ay = (a) (a) (a) (a) ... ; on the other hand, 
(aP)—(a a a...). So in litte manner (3a+ 20)** denotes 
the /nth power of (3a +20), and (aa+bg+cy +dS+&c.>* 
the /ith power of(aa + J0 + cy+d8 + &c) 



SECTION XXIII. 



Peob. Represent the numerical expressions (aff), 
(a£y), <a0 y 8), &c* fully developed. 
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Solution 1. From § XII we immediately have 
(a0) = (/J) (a) - (0 + a) 

8. From § XIII we at first obtain 



(a0y) = (y) (a0) - (y + a0) - (y + 0«). 
But from 1 we have, when first y+a is put for a, and 
afterwards y+0 for 0, 



(y + a 0) = (0) (y + a) - (y + + a) 

(y + 0a) = (y + 0) (o) - (y + + a) 
If these values, together with the value of (a/3) from 1, 
be substituted in the foregoing equation, we then obtain 

( fl 0y) = (y) (0) (a) - (y) (0+«) - (y+0) (a) 
- (y + a) (|S) + 1 . 2 (y+0 + a) 

8. From § XIV, we have 



(a0y S)=(S) (a|Sy) - (8 + a0y) - (8 + 0ay) 

- (STyajS) 



In order to find the numerical expressions (8 + a0y), 

(8 + gay), (8 + ya/3), we need only successively sub- 
stitute 8 + a for a, afterwards 8+0 for ; and lastly 8+y 
for y in the last equation in 2. If, after this, we substitute 
the values thus obtained,, together with the value of 
(a0y), we obtain 

(«0y8) = 

(8) (7) (0) O) - (8) (y) <0+«) - (8) (y+0) 00 

-(8) (y+a) (0)+l .2 (8) (y+0+a) - (8+y)(0) (a) 
-(8+0) (y) («) - (8+a) (y) (0) + (8+y) (0+a) 
+ l.*(8+0+a)(y) + 1.2(8+y + 0)(a) + (8+a)(y+0) 
+ 1.2(S + y+a)(0)+(8+0X'y+<»)-l-8.8($+7+0+a). 
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4. So, in like manner, from § XV, we hare 

(affySi) = (e) (a(S 7 8) - O+afJ-yS) - (.€ + <?ay$) 
- (7+^ a/3 8) - (T+Sapy). 

We get the values of (e+agyS), (e +0dy 8), (*+ yag8), 
(c+8a£y) completely developed from the last equation 
in 3, by substituting in it successively e + a for a, 
c + for ft e + y for y, and «+ 8 for 8. The substitution 
of these values, together with that of (a £78) in the 
foregoing equation, gives the solution required. 

5. In this way we could proceed further, since we 
always go from one solution to another, and thus find the 
solutions of the numerical expressions, which contain six, 
seven, eight, &c. radical exponents. 

6. Generally, if we have already found the solution 
of a numerical expression (a£yS...jc), and wish from 
hence to derive the solution of another (a y 8 ... k X), 
which contains X more radical exponents, we must, in the 
first place, multiply merely the solution of (a y 8 ... k) 
by (X), then in this solution substitute throughout, 
first X-f a for a, then X + for ft X + 7 for y, &c. and 
change the signs of the results and the former product* 

SECTION xxi v. 

Paob. Find the law, by which the terms in the 
solutions of (a@), (a/3y), (a0y8), &e. are formed, 
when the coefficients and the signs are left out. 

Solution 1. If in the solutions of the above numerical 
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expressions in the foregoing §, we omit the brackets and 
the signs, and separate the radical exponents, which 
belong to the different numerical expressions in each 
term, by a comma, and all the terms by a semicolon, we 
then, by means of (a), find the following : 
I* a 

II. ft a; 0+ a 

III. y, ft a; y, + a; y+ft a; y + a, 0; y + + a 

IV. 8, y, ft a; 8, y, 0+a; 8, y + ft a; 8, y + a, 
S, y+0+a; 8+y, ft a; 8+fty, a; 8 + a, y, 
S+yi/S+o; 8+0+a, y; 8+y+ft a; 8+a,y + 
S+y + a, 0; 8+fty + a; 8-fy+0+a 

&c. 

2. Hence we may perceive at first sight and from 
6 in the foregoing § the law of the successive formation 
of the terms. Thus, in order to derive the terms of a 
solution from the terms of the immediately preceding one, 
we must 

(a) put before each of all the terms of the preceding 
solution, the radical exponent which is now to be 
added; 

(b) we must connect this by the sign + with each 
radical exponent of every term, while, at the same 
time, we add the remaining radical exponents of the 
same term without any change. 

Thus, for instance, if we wish to derive IV from III, 
by the rule (a) we get 
8,y,fto; 8,y,0+a; 8,y+fta; 8,y+a,0; 8,y+0+a 
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aad by the rule (b) from the first term in III 

8 + 7,$, a; 8 + ft 7, a; 8 + a,7,0; 
from the second term in III 

8 + y,0 + a; 8 + /? + a, 7; 
from the third term in III 

8 + 7 + £, a; 8 + a,7 + 0; 
from the fourth term in III 

8 + 7 + a, 0; 8 + ft 7 + a; 
lastly from the fifth term in III f 

8 + 7 + + a. 
The foundation of this method is so evident from the 
foregoing §, that it requires no further explanation. 

3. But since this mode of representation possesses this 
disadvantage, that in finding the following solutions, we 
must first add the foregoing, we can .*• with great ad- 
vantage make use of the Hindenburgian method of 
involution, which is already known to my readers from the 
first principles of the rule of combination. Here follows this 
involution, whose construction is immediately deducible 
from 2 : 
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8 
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a 



P+Y. 
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8 + ft 
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8 + 0, 
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S + y, 
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8 + + 


•0, 
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8 + y+ft 




a 
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8 + a, y + 

S + & y + « 
S + y + + a 
&c. 
It is not necessary, in the first place, to remind my 
readers, that this mode of representation, besides the 
advantage that it immediately gives what is sought, 
possesses also this one, that each solution includes all the 
foregoing, as the brackets denote, and this follows of 
course from the very nature of involution. 

Remark. The involution which is here given, in- 
cludes, besides, as may easily be observed, all possible 
combinations of the radical exponents a, 0, y 3 8, &c. both 
simple and compound, consequently can be used with 
advantage in many other cases, in which it is required to 
find all the possible combinations of this kind in a given 
number of things. 

section xxv. 

Prob. Find the law of the coefficients and the signs 
in the solution of the numerical expression (agy § ...X). 

Solution 1. From the method in § XXIII, by 
which the solutions are derived from one another, and 
from the results themselves, it may, with some reason, be 
presumed, that the coefficients of the terms and their signs 
are subject to the following laws : 

(a) That each numerical expression of a simple radical 
exponent has unity for its coefficient ; 



\ 
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(&) That each numerical expression of a compound 
radical exponent of m terms has the coefficient 1.2. 
3, m— 1; 

(c) That the sjgp — or -fr njay be given to every 
numerical expression whatever, according as the 



lumber of the terms of its radical 



Thus if these rules be correct, the term (a) (0 + 7) 
(8 + 6 + ?) (i| + & + 1 + k) has the coefficient 1 x l x 
1*3 x 1.2.3, or merely 1.2 X 1.2.3, with the sign 
+, because it has two radical exponents of an even, and 
two of an odd, number of terms. 

That these rules are correct for (a/9), (a0y), (a/ByS), 
one can be readily convinced of by inspection. It only 
remains now, by a very common method in mathematics, 
to prove the rule, that when they obtain for any solution, 
they likewise necessarily obtain for the following one. 

3f. For instance, let 
(it)...... (a -f + y -f — + *) (A + ft + v...+^) 

be any term in the solution of (a £7 \f>). The 

radical exponent of the first numerical expressipn in (-4) 
contains m terms* that of the second n terms. Con- 
sequently the coefficient of the product, according to the 
hypothesis = 1 .2.3 *•—' 1 x 1 .2.3 n — 1. 

4. Now let (a £y...t// &>) be another numerical expres- 
sion* which contains, more radical exponents than the 
preceding by <*• For Us soltUwn* the term {J) by 6, 
I XXIII gives the th&ee following terms : 
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(*>) (a + + y + ... + k) (X + j* + v + ... + V>) 

— (a + + 7 + ... +ic+w)(X+ft + v+ ...+^) 

— (a + + 7 + ... +k) (X + n + v + ... + $ + w) 

5. The first of these terms is obtained from the term 
(A) 9 by multiplying the latter by (w), and consequently 
it has the same coefficient and the same sign ; which 
agrees with the hypothesis. 

6. The second term in 4 arises from the substitu- 
tion of a>+a, <u+0, w+y w + k for a, 0, 7, k 9 

(6. § XXIII) and occurs m times. In like manner 
the third term arises from the substitution of oi + X, o> +/Lt, 

a> + v, ... o> + 1// for X, jle, v, t£, and .*. occurs n 

times. Consequently the second term must contain m, 
and the third n, more coefficients than the term (-4). 

7. Hencg it follows, that the coefficient of the second 
term in 4. =1.2.3 .... m x 1 . 2 . 3 ... « — 1, and 
the coefficient of the third term = 1.2. 3 .... m — 1 x 
1 . 2 . 3 .... n. Likewise these terms have a different 
sign, from that of the term (-4). 

. 8. Since this agrees with the hypothesis, so it may 
be concluded, that, when the hypothesis is true for the 
term (J), it is necessarily true for the terms derived from 
it in the following solution. 

9. Although here the term (^f) has only been assumed 
as a product of two numerical expressions, it is suffi- 
ciently evident from the manner in which the proof has 
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Been managed, that it may be extended, to any other 
number of factors, 

£ 10. If .'. the solution of [<*0y ... \p] be subject to 
the assumed rules, so likewise is that of [a £7 ... \pw] 
which follows it. But they obtain for the first solutions, 
they . * . also obtain for all those which follow. 

Corollary. In order . • . to exhibit a numerical expres- 
sion of the form [*j3y...X], m which all the radical expo- 
nents are different, completely solved, we only require to 
perform the involution given in § XXIV, and affix toeaeh 
term the coefficient determined from 1 of this § with its 
sign. The following example will serve as an illustration. 

[Example. The complete solution of [a/JySc], when 
the brackets are omitted in the terms, is as follows : 
+ 1, c 8 7 &[<*_ + 2, e + y + *, 8, |3 



+ *, * 

-1,€ 

— 1,« 

+ M 

+ *, * 

+ *5 * 

+ h « 

+ 2,6 

+ 1, - 



8 
8 



8 
8 



7 

?f0+* 
7 + ft a 

7+*> £ 
y+£+* 



m — 



8+7, ft * 

8+ ft r> * 
8+«, 7, 
S+y, £+<* 
8+0+*, 7 
8+7+ft * 
8+«, 7 + ff 
8+7-fa, 

8 + ft 7 + « 
-6, 6 8 + 7 + 0+a 

i. i ' r !■ ri 



+ r, s + ft 8, 7 + a 
^-2, £ + 8, 7 + £ + « 
-*<S, e+7+0 + «, 8 
+ 2, £+8+7, ft a 
+ 1, £+ft 8+7, * 
+ 1, c + a, 8 + 7, £ 
+ 2, € + 8 + ft7, a 
+ 1, r+y, 8+fta 
+ 1, e+*, 8+ft7 
+ 2, £ + 3+«, 7, £ 
+ 1, € + 7, $+<*, $ 
+ 1, c + ft 8 + a, 7 
-2, € + 8 + 7, P + " 
—%> €+/?+«> 8+7 
*2 
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: -i,*+8, 7, 0,* -6, € + 8+0+*, 7 

— 1, 6 + 7, 5, ft « -2, c + 7, 8 + 0+* 

-1, € + 0, 8, 7,* -6, € + 8 + 7 + 0,* 

-1,€ + *, 8, 7, -2, € + *, 8 + 7 + 

+ 1, 8 + 8, 7, + * -2, € + 8 + *, 7 + 

+ 1, € + 7,8,0 + * — 2, € + 7 + 0, 8 + * 

+ 2, € + + *, 8, 7 -6, €+8+7 + *, 

+ 1, c + 8, 7 + 0,* -2, € + 0,8 + 7 + * 

+ 2, € + 7 + 0, 8, * -2, € + 8+0, 7 + * 

+ 1,€ + *, 8,7 + —2, €+7+*, 8 + 

+ l,€ + 8, 7 + *, +24, € + 8+7 + + * 

We have .-. [*078€] = [s] [8] [7] [0] \a\ - 
W [8] M W + «]-M [8] [7 + fl "- &c - 

SECTION XXVI. 

If there are more radical exponents equal to one another 

in the numerical expression [*07 X], or if it takes 

the form [0*0*7* **], the solution admits of reduc- 
tion, because in this case more terms than one are equal 
to one another. By the application of the rules (a) and 
(ft) in 2, § XXIV, we have only to take care that no 
term occurs more than once, and with this view it is only 
necessary in performing the involution, always to revert 
to the combinations already found, and to omit all those 
which occurred once before. Thus we find the involution 
for the terms of [a 8 s ] to be as follows ; 
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a 





























a 


«\1_ 





a 


2a 


B 


3 


a 


+ 


0t 9 O, a 


0+a,2a 


0+2a 9 a 


0+3a 



20, a 9 a 9 a 

20, a, 2a 
20, Sa 
20 + a, a, a 

+ *, + *> * 
B 20+a,2a 
00+2a,0+a 
20 + 2a, a 
0\20 + 3a 



20, 0+a, a, a 
20* + *, 2a 
20 9 0+2a 9 a 

20 9 0+3a 
30y a, a 9 a 
30, a, 2a 
30, 3a 
30 + a, a, a 
0+a,20 + a, a 
+ *>0+a 9 + a 
30+a, 2a 
+ 2a> 20+a 
20+2a,0+a 
S0+2a 9 a 
S0+3a 



This involution contains every possible analysis of 
3« .j. &P m In the same manner we obtain generally by the 

involution for [a* ffly* **] every possible analysis of 

*a+i0+ty + * .. + **. It may .'. be used with advantage 
in all those cases where it is required to represent analysis 
of this kind, with facility and without the danger of 
omission. In the numerical expression [a*], the opera- 
tion is merely reduced to a numerical analysis, respecting 
which information is given in the rule of combinations. 

But as to the coefficients of the terms, it is easily con- 
ceived, that the rules (a) and (6), in 1, § XXV, in 
the case where the numerical expression [a0y...X] is 
changed to [a* jS&y*. ••«&], must undergo many modifi- 
cations, and first,, for this reason, because in this case 



1 



46 

more terms than one of the folution vanish, secondly, for 
the reason given in § XVI. But in order that we may 
not be obliged in the sequel, to break the thread of the 
inquiry by extraneous matter, we shall premise with the 
following auxiliary rules. 

SECTION XXVII. 

L— AUXILIARY RULE. 

Peob. Find in how many ways a given number of 
things may be placed in a determinate number of divi- 
sions, in such a way, that in each of these divisions there 
is a given number of these things. 

1. Solution for two divisions. 

Let A be the number of all the things, a the number 
of these things which are to enter into the first of these 
divisions ; r. A—a the number in the second. 

It is evident, that this i& merely to fmd the number of 
combinations of the dth das* in A thing** Now thi* is 

*A . A~ 1 .A- 2 A-~ a+ 1 

— aa _ BWaaaHaMBB _ B _ navaaaiaBaHlvaaBaa ^ HHMaaaiaaa • 

* • <• « 3r s» i . 4i • • * • • <• • 44.. •• • & 

of if we multiply numerator and denominator by 1 . £ . 
3...A—a, and then in the denominator substitute cf for 
A^-a: 

J • 25 4 %} • tB. •••••••••••»• »jA ^*™ I # x*. 

» * ** ' * • _ 

1 • % . & ••••••••••••& XI • * • o ...Ct 

in which a and cr 7 denote the numbers contained in the 
two division*. 



2. Solution for three divisions. 
Again, let A be the number of things ; further, a, a 7 , 
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a /; , the number in the first, second and third division, 

But in the first division, the number a may enter in as 
many different ways as there are combinations of the ath 
class in A things ; the number of these ways is . 

A . J— 1 A— a+ 1 

~" 1 . 2.... .....a 

So in like manner the number of ways, in which the 
remaining A— a things may be arranged in the second 
division in the number a! 

__ A—a . A—a—1 A—a—af+1 

— 1 . 2 a! 

Each of these last combinations may be associated with 
each of the first, and the number of combinations which 
is thus obtained is .•• the product of those two numbers. 
The number of ways, in which A things may be 
arranged in the first, second and third divisions, in the 
numbers a, a J a," is consequently 

A. A— 1 .A— 2 A — a— a 7 + l 

"" I . 3 . 3 a x 1 . 2 . 3 , of 9 

or, when the numerator and denominator are multiplied 

by l,2...o"ssl • 2 A—a—a', 

1 . 2 . 3 . 4 A— 1 . .A 

1 .2 .axl .2... M ^.)(1. 2... ...a"" 

3. Solution for four divisions. 

Again, let ji be the number of all the things, and 
a^ a, tt, 7/ a, /;/ the numbers which are separately con- 
tained in the first, second, third and fourth division, 
.". a + d + a! 1 + a'" z=A. The number of cases, in 
which -4 things may be arranged in the number <r, 
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A .A~\ A -g+ l 

~"l . 2 a 

The number of cases, in. which the remaining A— a 
things may be arranged in the number a! 

A—a • A — a — 1 jrf— a — a' + 1 m 

= 1 ! 2 a! ' 

consequently the number of cases in which A things 
may be arranged,, first in the number a, and then a! 

A . A — 1 A — a — of + 1 

1 . 2 a X 1 . 2...... a' ' 

The number of cases in which the number a J/ may, 
in the third division, be arranged from the remaining 
A— a— of things 

A— a— a! . A — a— a? 1 A— q— a A — q 7/ +l 

= T~ i 2.. *.. a " 

Each of these eases may be combined with each of the 
preceding, .*. the number of cases, in which the A things 
are arranged in the four divisions 

jIL • A ~~ * ••••••••••••••• il~fl-" a ™™q "f* 1 

"" 1 . 2 ... a x 1 . 2 a! x 1 . 2. ....a" ' 

or, when we multiply numerator and denominator by 

1 .2 a 7// =l . 2 A— a— a 7 — a" 

__ 1.2.3.4 ... A 

""1 . 2... axl . 2...a / Xl . 2....a // xl . 2....a /;/ * 

4. General Solution. 

^he conclusions dr#wn in l 5 2, 8, may easily he 

extBn4ed to any wumber of divisions. The number of 

way* ip wjiiph A things may be arranged in n divisions, 

so that the first mey ep&tain the number a, the attend 
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the number «', the third the number a", &c. ; lastly, the 
nth division the number -a ( *~ 1} of these things, is . • . 

__ 1 . 2 . 3. .... A—l .A 

"1.2. ..ax 1.2...o / x1.2m.o // X ... Xl'.8...o^ 11 

Example. Place 16 balls in four divisions of 6, 5, 8, 
and 2: in how many ways can ftis be done? — Here 
^=l6, o=6, a 7 =5, a'^S, o /7/ =2 ; consequently the 
required number 

_ 1.2 ,8. 4 .5.6 7. 8* 9» 10 11 • 12. IS. 14. 15.16 
~1. 2. 3. 4. 5. 6x1. 2. 3. 4. 5x1. 2. 3x1 .2 

= 20180160. 

SECTION XXVIII. 

//. — Auxiliary Rule. 

Prob. The numbers A, B, C, &c. of different kinds of 
things are given : find in how many different ways these 
numbers may be arranged in a given numbeg, when in / 

each determinate division there shall be a given number 
of things of each kind. 

Solution 1. For the sake of perspicuity, I shall assume 
the particular ease, tba£ there are only three numbers of 
^different kind gn£n, wnioii are to be arranged in four 
divisions, so that m the first division there are a things 
of the first, b things of the second, and c things of the 
third kind ; and that a', V, d ; a", V f 9 c" ; a"', V» % c!" 9 
denote the same for the second, third, and fourth divisions, 
as a, b 9 c, do for the first, .*. a+ct+a/'+af'zzJ, b+ 
V+V' + V"=B,c+cf+c/'+d»=zC. Further, let 

K 
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X 



/_ 



1.2.3 A — 1 . A 

1 . 2./.o X 1 • 2 ... a 7 x 1 . 2...a 77 x 1 . 2 ... a /7/ 
1.2.3 B — 1 . B 

1 • 2. ..b x 1 . 2 ... V x 1 . 2 ... & 77 X 1 . 2 ... ft 7 " 

y/^ 1 * 3 • 3 C — 1 . C 

"~1 . 2...C x 1.2 ...c 7 X 1 .2 ...c 77 x 1.2 ...c"' 

2. Then, from the preceding §, X is the number of ways 
in which A can be arranged in four divisions of a, a! 9 a 7/ , 
a! n things, X 7 the number of ways in which B things can 
be arranged in four divisions of 6, V 9 b /f 9 b fU things, and 
X 77 the number of ways in which C things can be arranged 
in four divisions of c, c', c 77 , c 777 . 

3. But it is evident, that each of these divisions may 
be combined with each of the other two divisions in all 
possible ways. Now, since the number of these combina- 
tions is equal to the product X X 7 X", in like manner the 
number which arises as often as the numbers A, B 3 C y 
agreeably to the proposed conditions, are combined together 
=XX'X 77 . 

4. What has been here proved for three numbers and 
four divisions, can, in a similar way, be proved for every 
other number. If .-. X 7 , X 7/ , X 7// , \ IF , \ v 9 &c. are 
similar expressions for the numbers B 9 C 9 D, E 9 F 9 &c 
as X is for the number A 9 then the required number is 
always =X X' X 77 X 7// \ lv \ r 9 &c. 

Example. There are 40 balls of four colours, 
viz. 10 red, 14 blue, 9 green, and 7 white: show 
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m how many different ways these 40 balls may be 
arranged in three divisions, so that in the first division 
there may be 7 red, 5 blue, 3 green, and 2 white ; in the 
second division 2 red, 6 blue, 4 green, and 1 white ; and 
in the third 1 red, 3 blue, 2 green, and 4 white. 

Here .4 = 10, 5=14, C=9, Z>=7; a=7, &=5, 
c=3, d = 2; ^=2, 6'=6, (/=4, # = 1; a"=l, 
J"=3, c" = 2, d" = 4; .-. 

X _ 1.8.3.4,5.6,7.8,9'IQ _ 3fi0 
"l.£.3.4.5.6.7xl.2xl"" 

>/ 1.2 .3 . 4.5.6 . 7.8.9.10.11 . 12 . 13 14, -. 1 fi fll 6 fl 

" 1.2.3.4.5.6x1.2.3.4.5x1.2.3" 

X" = 1 - 8 ' 8 '" 4 ' 5 - 6 -7-g-9 = 126o 
1.2.3.4x1.2.3x1.2 . 

\/// __ 1«3.3.4.5.6.7 _ in . 

""1.2.3.4x1.2x1" 
The required number of possible divisions is . • . 
= XX'X^X"' = 8009505504000. 

SECTION XXIX. 

IIL — Auxiliary Rule. 

Prob. Let there be more numbers A, B 9 ' C, &c. of 
things of different kinds. It is required to arrange these 
things in /i+/a / +f/ / + /u /// + &c. rows, so that in each of 
the fi rows there may be a things of the number A 9 
b things of the number JB, c things of the number C, and 
so on ; in each of the \J rows, a! things of the number J 9 
V things of the number B, c 1 things of the number C, 
and so on ; in each of the /u" rows, a! 1 things of the num- 
ber A, V things of the number 2?, c // things of the 
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number C, and a* on. Find the number of all the pos- 
sible divisions* 

Solution, 1. If all the rows were different from one 
another, as, for instance, when they are represented by 
different numbers, then we eould have applied the formulas 
of the foregoing $ to. this case. Then 

. _ 1.2.3 ., A - 1 . A 

~~ (1 .2...*)*x(J.2'...a / )" / x (1 .%.„a"y x &c. 

^ 7 1.2. 3 .~~ *...*. B — 1 . B 

(1 * 2...4>xtl . 9...Arfy' x£l . a...4 // >*' / x &c. 

-.jf 1.2.3 • *•••.•••••...•..••«•••••.•••••»•••• O — 1 • v^ 
= (1 . 2...c>*x (1 . 2..j/yxil ..2...c / >"x&c. 

and the number of all the possible divisions, as in the 
preceding §, « XX' A" V" &c. 

2. But since the problem, only requires in general, that 
the jj. rows should be arranged with the combina- 
tions of a, b> c, &c. things, the \j! others with the combi- 
nations of a^ 6', cf ', &c. we must .*., as we know from 
the rule of combinations, multiply the number just found 
by 1 . 2 ... p x 1 . 3 ... /t'xh 2... p" x t . 2 :.*. j» /7/ 

x &o. 

3. The required) number of all the possible divisions, 
according to the conditions of the problem, is . • . 

xywyetc. 

1 .2.../* x I .,%... ia' x l...*.-^* x &c/ 
Remark.. Any ana of the numbers o> i^,o, Sc. of, #, <rf r 
&£.„&& may; be =? 0* This happens,, for instance,, whoa 
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in a certain row, or in more rows it the same time, one 
or other of the different kinds of things is altogether 
wanting. In this case, it is only necessary, for self- 
evident reasons, to omit from the denominators of X, A', 
A /y , &c. those of the products 1 . 2 ... a, 1 . 2 ... i, &c. 
which refer to the deficient numbers. 

section xxx. 

Pbob. Find the coefficients and the signs of the terms 
in the solution of [aflffiy* ... **]. 

Solution 1. If in the numerical expression [<*Py S...w] 
more radical exponents than one are equal to one another, 
consequently, when this expression assumes the form 
[pPffiy* ... **], then the terms of the solution have the 
following general form : 

(aa + J/3, + cy + ... + JXS[ 
W * x (a"*+ fc"|3+ </'y+ ... +r"p)i 



I 



X &c. 



2. Since in each term of the solution of [agy$ ... w], 
all the letters «, fty, ...to are divided into simple and 
compound radical exponents (Remark, § 84) ; then, like- 
wise, in the case when this numerical expreSsiotf assumes 
the form [efifjby* ..« k*], in each term (\fi) 

a + of + «" + &&. =»* a, b + V + W + &o. = *, 

c + cf + c" + &c. =s t, &c 
or, in other words, the radical exponents of the numerical 
expressions, which occur in each term as factors, are no 
other than the divisions of id + {£ + iy + ... + fcc, 

+- h 3 
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as was already observed in § XXVI. We must now, irt 
the first place, find how many terms of the Solution of 

[a&y to] must be combined to form a term of this 

kind* 

3. If we consider those radical exponents in [a£y,..<t>} 
which = a 9 as things of one kind, whose number == a ; 
those which are = ft as things of a second kind, whose 
number = ft ; those which are = y, as things of a third 
kind, whose number = a, and so on ; the question 
merely becomes, to find how many terms of the solution 
of [agy...w] are to be combined with the term (\p) ; in 
how many ways the numbers a, ft, *,..., & of things of 
different kinds may be arranged in divisions or rows of the 

respective numbers a 9 4, c, f; of, 4', </, V ; 

a!', V'\ c", ... r". 

4. Since this is exactly the problem in § XXVIII, 
when we put A = a, B = i f C = *, &c. we obtain, 
when N denotes the number of the terms of \j*0y ... <*>]> 
which are to be combined with (i//) 

jy _ 1 • 2 • 3 a— 1 • a 

1 . 2...a x 1 . 2. ..of x 1 . 2. ..a" x &c. X 

1.2. 3.. fi-~ l J 

1 . 2...4xl .2...4'xl . 2. ..4" x &c. X 

1.2. 3 t — 1 . c 

1 . 2,..txl . 2..YX 1 . 2...*" X &C X 

&c. 

5. Each of the terms which is combined with (t/>), by 
§ XXV. 1 . (4), has the coefficient 
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1 . 2....WI— 1 X 1-. 2...TO' — lxl. 2...1&" — 1 X...w. 
when we put a + b + c + &c. = m, a / + ft / +c / + 
&c. = ro', a /; + fr" -h c" + &c. = m 7/ , and so on. 

6. By § XVI., when [a£y. ..<*>] is transformed into 
[a*0*7*...K*], the latter expression must have a coeffi- 
cient *, by which .*. each term of the development, 
consequently also the term (t//), must be divided. But 
by the same § 

jc = l . 2. ..a x 1 . 2. ..ft x 1 • 2...t x ... 

7. From 4, 5, 6, it follows, when the coefficient of the 
term (\p) is represented by K, that 

TT — * *3...m— 1 x 1.2.>.m / — 1 x 1.2. ..m"— 1 x&c. ^ 
"" 1.2 axl.2 6x12 tx&c' 

or if for N its value in 4 be substituted 

1 . 2...ro— 1 x 1 . 2...W— 1 x 1 . 2...W— 1 x&c. 



X = 



r 1 . 2...a xl.2-.fr xl.2...c x&cT 

X 1 . 2...« / X 1 • 2...fr / X 1 . 2...C 7 X&C. 
X 1.2...a // xl.2...i // xl.2...c // x&c. 

&c. 



8. Hitherto it has been assumed, that all the nume- 
rical expressions which occur in the term (\p) as factors, 
are different from one another. If this be not the case, 
or if the term have the form 

(a* + frjS + Cy + + fZY 

4- (jota + fr'0 + </y + + l'\y 

+ (o"« + ft"/3 + c"y + • + ^p)^ 

+ &c. 
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then Che 1 number of division* (§ XXIX.) which the 
numbers a, ft, r, &e. admit of, is 

1 



2V = 



1 . 2 ...fi X 1 . 2 ... f/ X 1 . 2 ... /Li^X&C. 

1.2.3 a — l . a 

(1.2...a)*x(1.2...a0^x(1.2...a") M "x&c. 

1.2.3 . .ft ^ 1 . ft 

(1 . 2...ft) M x (l . 2...6 / )^ x (1 .2..»6 /7 )' A " x &c. 
1.2.3 ft — 1 . t 

(1 . 2...C)" x (1 . 2...c / ) M ' X (1 . 2...c") M " + &c. 



9. But from § XXV. 1 . (i)> the coefficient of every 
term which is combined with the term (i//) 

=r (1 . 2...m— iyx(l .S.-.W—iyx 
(1 . 2...m"--l> i "x... 
Further, as in § VI. 

K ~ 1.2 ••• & X 1 • 2 ... ft X 1 . 2 ••« t X ••• 



[' 



I, 



i 

10. We . * . have for this case 

(1 . 2...m— I)** x (1 . 2...W'— 1)"' * 
(1 . 2...w"— 1)*" x &c. 
A "" 1 . 2. ..« X 1 . 2. ..ft X 1 . 2...C X &C 

or, when for iNT its value in 8 is substituted, 

r(l . 2...m — 1)" + (1 . 2...m / - I)*' X"l 

*— ^ 1 • 2 ... ^ X 1 . 2 ...// x 1 . 2 .../i" X SS 

x (1 . 2.. .a)" x (1 . 2...afY x (1 . 2...a") M " x &e. 
x (1 . 2...8)"x(l . 2...6') M 'x(l ,i.,Ffx&c. 
x (1 . 2...c)* x(l . *...</y x(I .%'..d'y» x&c. 
x &c. 



?> 
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or 



11. 



x= 



r(i . 2 . . . m -p. iy x (1 . 2 . . , m' - l>*' xl 

^ L (l.g. ..» // --iK x fa. J 

l .2..." x l .2...*' xl.2../x &cn 



J x (1 . 2.. .a x l . 2. ..6 x 1 . 2...c x &c>* 

x (1 . 2. ..a 7 x 1 . 2...6 / ?c 1 . 2...C 7 x ftc.>*' 

x (1 . 2...a // x l . 2.-.J" x 1 . 2.,.c" x ftc.y*" 

L x &c. 

IS. This expression for JT includes that in 7, because 
we obtain the former when we substitute /n=fi / =fi // :=:&c. 
= 1 in the latter ; it is consequently quite general, and 
obtains for all imaginable cases. 

In the case where one of the numbers m, mf, m", &c. 
say fw,= 1, we must, instead of the product 1 • 2...ro— 1, 
merely put 1, 

13. The sign of the term (\p) is always the same as 

that of the expression £+my x (fmfy x (m"y, frWVsV, '*/ 
when every time we merely give the numbers m, m', m'', 
&c, the sign— when even, and die sign + when odd. 
The reason of this follows.from § XXV., 1. (c.) 

Example. Determine the coefficient and the sign of 
the term 

(3a + 70 x 2y + * 8 ) ( 5a + *7 + 8 ) 8 ( 6a > 4 
of the solution of (a^V 4 ^). 

Hereaasd, 6=s7, c=2, d=4; a'~5, ^skO, i/js^, 
d'=l; a^'ss^; further pl^st, j/'s**; .'.m= 

We have consequently from the formula in 11. 
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^ (1 .2 . 3...15)'x(l .2 ,3...9) 3 X(1 .2.3.4? 
~~ 1X1.2.3X1.2.3.4 

X (1.2.3 X 1 .2...7X1.2 X 1 .2.3.4) 1 
X (1.2.3.4.5 X 1.2.3.4 xl) s 
Lx (1.2.3.4.5) 4 

_ 500594094 

25 ' 

The sign of the term is the same as that of the ex- 
pression (-16) 1 x ( — 10) 3 x (+5) 4 , consequently + . 

SECTION XXXI. 

In order to render what has been already advanced 
more intelligible, I shall here give the complete solution 
of the numerical expression (a 3 /3 s ), which has already 
been made use of in § XXVI. as an example for the 
representation of involution. The terms are arranged as 
they are there found. 
W) = 

& (a) 3 (fiy-h (a) (2a) (|3) 3 + A (3a) (g) 3 
-i (a)W(a + ^ + K2a)(g) 2 (a + g) + K«X^ (2a + /S) 
~i (0) 2 (3 a + 0)-£(a) 3 (0)(2|3) + i(a)(2a)(0)(20) 
-S(3«) (0) (20) + £(a)*(0) (a + 2/3) + *(a)(/3)(a + & 
-i(2a)(0)(a + 2g)-()3)(a + jS)(2a+g)-|(a)(g)(2a+2iS) 
+ 2(g)(3a+2j9) + i(a) 2 (2i3)(a + e)-i(2a)(2g)(a-fj3) 

-i (a) (20) (2« + 0) + i (20) (3a + 0) + T V («) 3 (30) 
-I (a) (2a) (3/3) + J (3a) (30) - 4 (a) 2 (a + 3)3) 
-(a)(a + i3)(a + 2jS)-J(« + 0) 3 + i(2a)(a + 30) 
+ (a + 2j3)(2a+j3)-f-£(a+j3)(2a-f-2/3) + 2 (a) (2a +3/3) 
- y (3a + 8/3). 

From this example we shall clearly perceive, how w$ 
are to proceed in every other case, and it seems to me 
unnecessary to add any thing more. 
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III.— On the values of the functions of the 

BOOTS OF AN EQUATION WHICH ARE NOT SYM- 
METRICAL, AND ON THE METHOD BY WHICH TO 
MAKE THESE VALUES DEPENDANT ON EQUATIONS. 

SECTION XXXII. 

SYMMETRICAL functions differ from the.others 
in this, that in the first place they contain all the roots of 
the given equation; and secondly, these roots are so / 
combined with one another, that the functions Ttr ; " 
men tonnrpneitinn ait chang e d. ^ For this kind of 
functions, it is sufficient. only to mention in general the 
form of the combination, without referring to the roots 
themselves, because we are always sure before-hand to 
obtain the same results in the composition. Thus,, for. 
instance, the expression (12) is fully determined, although 
by the notation nothing more is indicated, than that we 
are to take the sum of all the products which, arise from 
the combination of every root with the square of another. 
A function: of this kind .*. can only have a single 
value, and this value is no. other than that, the. way to find, 
which, was shown in the foregoing. §. It . is,, as we have 
already seen, in reference to the . coefficients of the given 
equation, always rational, and it must necessarily be so, 
because otherwise the function, would have more values. 

But this is not . the case with the .other . functions. If 
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we merely wished to give the form of their combination, 
we should not by this means alone be able to determine 
the function. I£ for instance, a, b 9 c, be the three roots 
of an equation of the third degree, then indeed the sum 
of all the three roots a+b + c 9 can only be expressed in 
one way ; on the other hand, the sum of two roots, in 
three different ways, viz. by a + 6, a+c, b+c; and the 
difference of two , roots may be expressed in as many as 
six different ways, viz. by a—b 9 b—a, a~c 9 c—a 9 ft— c, 
c~b. A function of this kind consequently has more 
values, which arise partly from the substitution of the 
roots it contains for the remaining ones, and partly from the 
transposition of these roots. None of these, so long as the 
roots o, b 9 c, && arc undetermined, can be found by 
themselves without the others, because otherwise there 
would be no reason why we should exactly find this or 
that value, and not the others likewise. Hence it 
follows, that the value of every function which is not 
symmetrical, can only be expressed by an equation which, 
at the same time, includes all the values which the 
function can contain by substitution and transposition of 
the roots. 

Whatever may seem obscure in these general observa- 
tions, the following problems will render clear. I here 
remind my readers, once for all, that I shall not in future 
denote the roots of the given equation, as heretofore, by 
a 9 b 9 c, d 9 Ac, but by a/, x", *"', x"', &e» This I do, 
partly, because this notation has been adopted by nearly 
the whole of the modern analysts, and because it is 
always desirable to retain the mode of notation already 
adopted, if it can be done without disadvantage; partly 
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also, because we are accustomed to associate with the 
first letters of the alphabet, the idea of determinate nu- 
merical values ; while, on the contrary, here for instance, x / 
denotes neither this nor that determinate root* but gene- 
rally any root whatever, and the dashes over the or are 
put for the sake of distinction. 

SECTION XXXIII. 

Prob. From the given equation of the third degree 
x 3 — Ao? + Bi-C = o 
determine the value of the function x/x/\ without knowing 
the roots of th/ equation. 

Solution 1. Since x* 9 x?', aK", are the roots of the given 
equation, we have 

x J + x" + V " = A 
x*x?> + *V" + *" *"' « B 

a/*"*"' =x C 
and from these three equations we must endeavour to 
determine the value of a/a/'. 

£. With this view, put a/ a/ 7 = t? substitute this 
value in the second and third equations, and multiply 
the first equation by ri H ; this gives 

*V" + *"*<" + *"'* =* As*"- 

t + *v" + y w =* b 

x'"t = C 

If we subtract the first of these equations from the second, 

C 

and then substitute for sf n its value — from the third 

« 

equation, we obtain the following equations for t : 
*s ^ Be + ACt - C 2 * o 




*xS 



I 
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The value of x'x N can only be found by. the solution of an 
equation of the third degree* 

3. If we had put xV 7/ , or j/V 77 = /, we should have, 
found the same equation. Hence we may safely conclude!,, 
that the values x / x // 9 x / x /// J x 77 * 777 , must be the three roots 
of the equation found. 

4. This consequence might very easily have been 
foreseen. Since, then, there is no reason why the equa- 
tion for t should give exactly the product x / x // 9 and 
not also the product a/ a/", or x // x /// 9 as the three roots 
a/, a/ 7 , a/ 77 , are in some way contained in the given equation, 
consequently it must necessarily be of the third degree. 

5. We could .-. also have found this, equation in a 
direct way. Since, for instance, «V 7 , xV 77 , a/V 77 , must 
be the three roots of the required equation, consequently, 
it can be no other than the following equation : 

(t - *V 7 ) (t - *V 77 ) (t - a 77 * 777 ) = o. 
If we actually multiply the three factors in the first part, 
we obtain ' 

+ \x/ 2 x"x ,u + x / x //2 x /// + x / x // x ///2 )t 

- x /2 x //2 x ///i = o 
or since x / x // + x / x /// + x // x'' / =:B,x /2 x // x /// + x / x //i x' / '+ 
x / x // x ///2 = (a/ + *" +.* /7/ ) a:W 77 =^C,a/V 7 V 7/2 =. 

(jx/x f/ x /// ) 2 = C 2 , the same equation as we have above. 

» 

Example. In the equations 3 + x 2 — S 2 x — 60 == o, 
A = — 1, B = — 32 ; C = 60; .•. we have 
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t 3 + 82t« — 60t — 8600 = o, 
an equation, whose roots are the product of every two 
roots of the former equation. Thus the roots of this 
equation are + 10, — 12, — 30, and the roots of the 
former are— 2, — 5, + 6. 

Prob. From the given equation of the fourth degree 
x* — Ax z + Bx* - Cx + D = o 
determine the value of the function x**. 

Solution 1. Since all the roots are contained in the 
given equation in the same way, and for the root whose 
square is required, nothing nearer can be determined ; 
consequently the square of one of the roots cannot be 
found, without at the same time finding the squares of all 
the remaining ones. Therefore the equation by which 
a/ 2 is expressed, must necessarily be of the fourth degree. 

% If .• • we put a/* = t 9 then the equation which 
gives the value of t must be of the fourth degree, and its 
roots must be a/ 2 , a/ /2 , a/"* x w% . This equation is.', 
composed of the four particular equations 

t — a/ 2 = o, t — x"* = o 
t — a/"* = o, t — *"* =o 

and consequently is no other than the product of these 
last. By actual multiplication we have 

f*_ (a/* + x"* + ff" /2 + *"*) < 3 + 
(x*x'*+x*x' / '*+x'*x p "+x' / *x' / '* + x // *x rf *+x"'*x' V2 y* 
- (x'*x"*x" / * + x*x"*iW + x/ V /y V F8 + x"**?"*** 7 *) t 
+ a/ V / V /y V r * = o 
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It only remains now to express the coefficients of this 
equation by the coefficients of the given one* 

S. But this equation, when we use brackets, may be 
thus represented : 

<4 _ ( 2 ) t* + (2»)*a - (2 3 ) t + (2<) = o 

and the values of the numerical expressions are obtained 
directly from the annexed Tables. Thus, since the 
coefficients 22, F 9 &c. = o, we find 

(2) =J*- 2B, (2*) = m - 2AC + 2 A 

(2 8 ) s C* - 2fiZ>, (2 4 ) = />», 

By substituting these values, we have 

* _ (J» _ gj?)«» + (J8* - 2^C + 2Z))(* - 
(C 8 - ZBD) t + D 2 = o 
which is the equation sought. 

4. We could also have found this equation in the fol- 
lowing way. Put & = t 9 or x = V *, substitute this 
value of ? ii* the given equation, and place all the terms 
in whieh tj t is involved on one side of the equation. 
Hence we obtain 

t* + Bt + D = (At + C) >/*. 
If this equation be squared, and properly arranged, we 
obtain the sqme equation as in 3» 

Example. In the equation x* + 10* 3 + 25.r 2 — 2* 

— 12 = o, we have J = — 10, 2? = 25, C = 2, D- 

— 12. The equation, whose roots are the squares of the 
roots of this equation, is .*. 

<* — 50 e 3 + 641 ** — 604 * + 144 = o. 
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The roots of the former equation are — 3 + */5 9 — 3 — \/5, 
—2 + \/7, —2 — */7 ; the roots of the latter are 14— 
6a/5, 14 + 6^5, 11-4^/7, 11 + 4^/7; these last are 
the squares of the former. 

section xxxv. 

Prob. From the given equation of the third degree 
x 3 - ufo 2 -f Ar — C = o 

find the value of the function ax's/ 1 + 6a/". 

Solution 1. The equation, by which the (unction ax/x N 
+ bx ni is expressed, or on which it depends, must con- 
tain all its possible values. Since in this function all 
the three roots occur, it is only necessary, in order to 
find its different values, to transpose these roots in all 
possible ways, and retain those of the results which 
differ from one another. But the results of these trans* 
positions are 

a*V / + &x /// , a*V" + 6*", oa'V' + ft*' 
ax/'xf + bx'", ax/'W+bx", ax/'W+bx/ 
amongst which there are only three which are different 
from one another, viz. 

ax'x"+bx"', ax J x/"+bx" 9 ax"x"'+bx'. 
The required equation must consequently have these three 
functions for roots. 

% If . • . we denote each of these undetermined func- 
tions by t, we then obtain the three particular equations. 

t ~ (ozV -f bx /// ) s o 

t - {px!l" f + bx") s= 

t - {*x"x"' + *y) = o 



1 
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and the product of these gives the equation, from which 
the value of each of the three functions must be de- 
termined. It may be represented by 

f 3 - A'? + B't - C = o. 

8. Then 

A' = (ax'x" + bx>") + (ax'x'" + bx") + (ax"x"' +W) 

= a(l»)+6(l) 
B' = (ax'x"+bx" / ) (ax'x"' +bx") 

+ (ax'x" + bx"') (ax" x" 1 + bx/) 
+ (ax/x'," +bx") {ax" j?" +bx y ) 
= a* (1*2) + ab (1 2) + 6« (I s ) 
C = (ax/x" + bx"') (ax/x"' + bx") (ax"x"' + bx/) 
= a'(2 3 ) + a e -b(l 3 S) + ab*(&) + 6 3 (i s ) 

If for the numerical expressions we substitute their values 
from the annexed Tables, we then obtain, since D, E, 
&c = o, 

A'=aB+bA 

B'=a*AC+ab(AB-sC) + b*B 

C=a*C* + a'b(A*C-2BC)+ab 3 (B t -2AC)+b s C, 
and consequently the equation on which the required 
function depends, is 

fi-(aB+bA)t*+[a*AC+ab(AB-SC) +b*B]t 

-[a*C* + a i b(A t C-2BC)+ab t (B l - 2 AC) + b*C] =o 

SECTION XXXVI. 

i 

Prob. From the given equation of the third degree 
X s — Ax* + Bx — C = o 
find the equation on which the function a/— x* f depends. 

Solution. The function x J —x J/ contains the six follow- 
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ing values, which arise partly from the substitution, and 
partly from the transposition of the roots : 

r//~W tJH r* t*H vff 

JL JL • JL JL % JL ™ ™~ JL • 

The required equation is . • . the product of the following 
six particular equations : 

t - (x* — x") = o, t + (x / — x") = o 
t — (a/ - x 7 ") = o, * -f (a/ — x J// ) = o 
* - (*//_*"/) = o, t + (s"-* 7 ") = o 
or, when every two of the opposite equations are multiplied 
together, the product of the three following equations : 

t* - (a 7 — x // ) 2 = o 
< 2 -(a / -jr /// ) 2 = o 

from which it follows, that it only contains even powers 
of L Let .•. 

*6 - jtf + B f t* - O = o 
be this equation ; then 

A 1 = (a/ - x") 2 + (a 7 - x'") 2 + (*" - x"')* 
= 2(2) — 2(1 2 ) 

+ (x'-x"')*(x"—x'"Y 

= (4) 4- 3(2*) — 2(13) 

c = (x^-^ou^-^o 2 ^'-^") 2 

= (24)-2(3*) -6(2 3 ) + 2(123) — 2(1 2 4) 
Now, if we take the values of the numerical expressions 
from the Tables, after the proper reduction, we find 
A' = 2-4* — 6B 
B' = A* - 61*B + 9B 1 

C" = J 2 JB* - 4fi* - 4^ 3 C + 18J5C — 27C 2 
and . * . the required equation is 



^ 
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t*-(*A*-6B)t* + (A* - 6A°B + 9&)t* 
- C4«B»-4& B - 4J 3 C + l8irfj»C - 27C*) =o, 
whose roots are the differences of the roots of the given 
equation. 

Example. In the equation x 3 — 8r 2 + I9x — 12 = o 
J=18, £=19, C=12; .'.A'=\4> 5' = 49, C'=36, 
and consequently the equation for the differences is 

< 6 — 14** + 49 t* — 36 = o. 
The roots of the first equation are +1, +3, +4 ; the 
roots of the last are +1, — 1, + 2, — 2, +3, —3, as 
required. 

SECTION XXXVII. 

Paob. From the given equation 

X - Ax 2 + Bx - C = o, 

x* 
find the equation for the fraction — • 



*' 



Solution 1. The function ~-^, by the substitution and 

transposition of the roots, contains the six following 
values : 

tX. ii, \JU tl> JL JU 

'ZTT 9 "ZT 9 Z777 9 ZT* "ZJT/* Z7F' 

i* db \JL \X vL JU 

The equation by which these functions are expressed, 
is . • . of the sixth degree. 

2. This equation is represented by 

l* _ Af fi + B / t *_ Q'P + W- E't + F = o, 
consequently A / is the sum of the functions given in 1, 
B / the sum of their products, two and two, C 7 the sum of 
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their products three and three, and so on. Hence, after 
the usual reduction, we get the following values: 

a i _ *'*"' + a"*" 4- atx?"* + x»x"' + x"x"«+ x JI *x!" 

(I s ) 

*-s + ^pp; 

ysjr/zs + yy //s + j//y//S + j^y/fl + sMHJII + j'VV" 

~T~ " • ■ * i • 

- * j. ( 12 ^> a- (8 4 ) + O 1 *) 
(I 3 ) (I 3 ) 8 

C*=2+2. pj^T 

' x ,s x' / *x" / * 



(I 3 ) (I 3 ) 2 
If we proceed further with the calculation, we find the same 

expression for ty as for B', and for E' the same expression 

as for A' ; further, F', as the product of all thd above 

six functions, = 1. 

3. Now, if we substitute for the numerical expressions 
their values taken from the Tables, we obtain 

A' = E' = di S ~ s ^ 



B f = jy = 



c 

B* - &ABC + A 3 C + 6C* 



„ 6JBC - 70 + A*B°- -SB 3 - 2A 3 C 

a= 
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and these are the coefficients of the assumed equation 
for t. 

Example. In the equation x 3 + 2x — x — 2 = o, 
we have A = — 2, B = — 1, C = 2. Hence we find 

^' = JE' = -2, B'=iy-—, C = — . Consequently 
the required equation is 

4 2 4 

The roots of this equation are — 1, — 1, — 2, — £, 
+ 2, + i» which must be the case, since + 1,-1,-2 
are the roots of the given equation. % 



SECTION XXXVIII. 

The equations for t> which we found in the fore- 
going §, and which may be found in a similar way for all 
other functions, may, in reference to those which are 
given, be called transformed equations. The degree and 
form of these last depend upon the functions which We 
assume for t. In the functions of which we have hitherto 
treated, the transformed equation has always been either 
of a higher or of the same degree as the given one. But 
there are functions for which the given equation is of a 
lower degree ; and in this case it can sometimes serve to 
solve the given equation, as will be shown by the two 
following examples for equations of the fourth degree. 

section xxxix. 
Peob. From the given equation of the fourth degree 
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*♦ _ Ax? + Bx? - Cx + D = o 
find the value of the function x J x J/ + x/ u x/ v . 

Solution 1. Since in the function x J x/' + x/ // x/ v all 
the roots occur at once, they can only alter their value by 
transposition. But the four roots x/ 9 x /; 9 x/ u 9 x/ v 9 may 
be transposed in 1 .. 2 . 3 ; 4 = 24 ways, and the results 
thus obtained are 

x'x" + x w x /v 9 x'x/" + x»x IV 9 x/x /r + *"*"' 

X/X/' + J^V", x/x/» + X/ V X" 9 X/x/r + *"V 

x/'x/ + iV, x"V + x"x' v 9 x' r x/ + x/'x/" 
x/'x/ + x' v x'" 9 x'"x/ + x/ r x/' 9 x/ v x l + x/"x/' 
x'"x /v + x/x" 9 x"x' r + x/x/" 9 x/ l x/" + ifi* 

~Jv~J/f i U^l T /r r // i r / r //7 -///^y/ i ^r/^ 

i* biz ^p ti it « tl> X ^P XX , X i* |^ X X 

x x t^ a it j it iii t^ «t x , x x ^p ** •* 

V /V^/// i rZ/r/ ^K^// I ^//^ ~J/( T tl i r /* , r / 
x it T^ x x , x x T^ x x , x x t^ x x 

It is immediately seen, that eight of these results, which 
are in the same vertical column, are always equal to one 
another, and that also the function can have no more than 
the three following different values : 

*V' + x"W r , */*/" + x/'x", x/x/ r + x"x"' 

The transformed equation is consequently of the third 
degree, and its roots are the values just mentioned. 

2. Let this equation be expressed by 
fi-A't* -(■ B't -(7 = o; 
then, from the nature of equations, , 
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= (!*) 

+ (a/a/'+x"'*") (x'a/r+x"*"') 
+ C^r"'**"*") (x'x /r +x"x" / ) 
= (1*2) 
a=(*'x" + x"'tf w ) (x/x/h+x"!") (x / x /r + x"x" / ) 
= (2 3 ) + (1 3 3) 

3. Now if we take the values of the numerical expres- 
sions from the annexed Tables, and then substitute for 
A\ B\ C, their values found in the assumed equation, 
we obtain the required transformed equation * 
t s -Bt*+(AC-*D) t— (0-4fiD + ^ 2 Z)) =* o 
I shall now proceed to show what use can be made of 
this equation in the general solution of equations of the 
fourth degree. 

SECTION XL. 

Let it be assumed, that we can find a root of the trans- 
formed equation ; let tf be this root, . • . arV -f x y// x /r = t f . 
It only remains now, from this equation, together with 
the others, which express the known relations between 
the roots and the coefficients, to determine the values of 

For this purpose., combine, first, the two equations 

x / x // + x J// x /v = *', *y V"*" = d. 
These give 

(^-^V) 2 = (x'x"+x /// x Jv y — teW"*' K 
= #*-*& 
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Combine the two equations 

x 77 V (x* + a") + a V 7 (x 777 + a 7 *) = B 
(*/ + a//) + (a/ 77 + a") = .* 

These give 

t ^,_ ArV 7 - B _ AiF -*B A 
* +r "aV 7 -.* 777 * 7 * ~ 2 */(l"-4l>) + 2 

Now we know the values of a/a? 77 , a/ + a/'j x /// x /r 9 
x /7/ + a/ F . From the two first of these values we' can 
determine the roots x\ a 77 , and from the two last the roots 
a 777 , a/r, merely by the solution of quadratic equations. 

In this solution it is only sufficient to know one root of 
the transformed equation. 

SECTION XLI. 

Peob. From the given equation of the fourth degree 
x* - Ax 3 + Bx* — Cx + D ss 0, 
determine the value of the function (a/+a 7/ — a/ 77 — x /r )*. 

Solution 1. If we proceed with this function, as we 
have already done with the function iV 7 + j/ /7 a/ r , we 
shall then find no more than the three following different 
values: 

(aZ+j/'-x" 7 -*^ {xr+xP'-if'-xfy 

which consequently likewise depend on an equation of the 
third degree. This equation we could find in the usual 
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way : the following method, however, in this case, leads 
much more readily to the desired object. 

% Thus if we put (*' + *" - * 7// - ^f = t; 
then 

ts=a/ 2 + x"* + a/" 2 + *"* + 2xV 7 -2,zV 77 — 2x 7 x 7|r 
- 2 j 7 '* 777 — 2 a/ 7 z 7F -}- 2x /77 r 7F 

- 4 (a V 7 + x'x'" + x'x" + sf '*'" + x"x" + xt'W) 

+ 4>(x'z y/ + x y// x /r ) 

= [l] 2 -4[l«] + (*x'x" + x'"x'r) 

= /tf 2 -45 + 4 (aV 7 4- * /77 a 7F ) 

and •*. 

J r^ + *"*»- t .-f + ** 

4 

8. Now since j/j/ 7 + ,z 7/7 z 7,r is exactly the function for 
which in § XXXIX the equation 
*3 _ j&s + ( ^ C _ 4 2)) * _ (C 2 - 4&D 4- J 2 D) = 

was found, consequently in this equation it is only necessary 

to put — =— for t. Hence we find the equation 

t* -(sA*-8B) t* + (3J*-16A*B+ 165* + \6AC- 
64Z>) *-(^ 8 -4JjB+8C) 2 =0, 
whose roots are the functions given in 1. 

Hence also we may obtain, as in the preceding §, a 
solution of equations of the fourth degree, which may be 
seen immediately ; only it is here assumed, that all the 
three roots of this equation are already found. 

SECTION XIII. 

Let J 7 , f 77 , f 777 , be the three roots of the transformed 
equation in the foregoing $, then we have 
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(j,/ + x" _ *>" _ *")* = f 

(^ + o,/// _ *" - «/>-)* = f. 

(a/ + */" _ x" - x"y = l>" 
and consequently 

*/. + a//. _. *"/ - ^ = V*' 
x' + a/H-a/' - x" = <•«" 
^ + ^ - 3/ -x"'= SH" 

If we combine these three equations with 

y + x/' + 1'" + x" = a 

we obtain, merely by addition and subtraction, the follow- 
ing expressions for the roots : 

, _ A + St' + St" + St" 
x" = 



*"' = 
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St 
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Vt" 
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>Jt" 1 
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— 


St 
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*/*" 
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St 1 " 
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A 
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St 
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</t" 


+ 


St!" 



a/ v = 

4 

Instead of which . * . we have, so soon as we have solved 
the expression for t, the four roots of the given equation. 
But here there appears an evident difficulty. Thus; 
since in the values of jr 7 , a/ 7 , a/", a/% there are three 
roots \Z* 7 , Vt", vV, and these roots may be assumed 
to be either positive or negative, — the question is, how 
we are to proceed in order to determine the signs. For this 
purpose consider the last term of the transformed equation. 
Since this term must be the product of its three roots, we 
have 

(A 3 - 4>AB + 8Q 2 = rW"; 
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A a -4AB+8C= */ft"C" = vV. \ft". vV". 

Now if A 3 —4AB + 8 C be positive, then also the product 
\/l 7 . \/l" . \/tf" must be positive, and consequently the 
signs can only be combined together in the four following 
ways : 

+ a/*', + a/I", + >Jt'" 

+ Ji>, - a/i", - a/i" 7 

— A/*', + "St"* - x/t'" 

- „/1 t _ ^/l», + VV" 

and these combinations give the above values for x', x", 
x'", x* r . 

If, on the other hand, A 3 — 4>AB + 8C be negative, 
then the product a/I 7 . \/l" . + I 777 is also negative, and 
consequently in this case the signs can only be combined 
in the four following ways : 

+ a/* 7 , + */*", - */t>" 

+ a/* 7 , - */*", + •/«" 

- ve, + a/i". + a/i 777 

- «/?, - a/< 77 , - V?" 

and these combinations give the following values for a/, 






a/ = 



*" as 



*"' = 



a/" = 



^f + 


a/I 7 + 


Vt" - 


a/I"' 


^ 4- 


a/I 7 - 


4 

a//" + 


a/I" 7 


A- 


a/I 7 + 


4 
<•«" + 


v/i"' 


A - 


V? - 
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a/I" - 


a/I 7 " 
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Example. In the equation x 4 — Sac 3 — ISx 1 + ljfcr + 
30=o, ^=3,jB=s — 15, C=s— 19; D=SO. These 
values, when substituted in the transformed equation, 
give 

t 3 '— 147/ 2 + 317U — (+ 55Y 
The roots of this equation are 1, 25, 121. Now since 
here A 3 —4iAB+8C= +55 9 positive consequently, . • . 
the four first values for j/, x // 9 x /// f cr /K , must be taken, 
and these give j/=5, j/'ss— 3, */"= — l, x /K = +2. 

section XLIII. 

Pkob. From the given equation of the indeterminate 
nth degree 

x* - AxT- 1 + BiT* — (V" 3 + &c. == o, 
find another equation for the squares of its roots. 

Solution 1 . Let the required equation have the roots 
a/ 2 , x //2 , a/ //2 , x lv2 y &c. it must consequently be composed of 
the n simple equations t— a/ 2 =o, *— a/ /2 =o, f— ai/^sso, 
&c. Hence we have, as in § XXXIV, the transformed 
equation 

f - (g)r- 1 + (2*) r-»- (2 3 )f- 3 + (2 4 ) r- 4 ) + 

± (2""* 1 ) t + (2*) = o 

The numerical expressions may either be taken imme- 
diately from the Tables, of may be found by the method 
given in the two preceding chapters. 

2. But this equation may also be found by the second 
method in § XXXIV. Put for instance, .r*=l, .*. 
jf= */t, and substitute this value of x in the given 
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equation. Here there are two distinct cases ; viz. one 
when n is even, the other when n is odd; 

3. First, let n= 2m. Arrange the given equation thus : 

x* m + Bx**-* + Dx 2 "-* + Fx*"- 6 + &c. 
= Ax 2 "- 1 + Or 2 *- 3 + Ex* 1 " 5 + Gx a ^ 7 + &c. 

Substitute >Jt for x ; this gives 

r + Br- 1 + JDr- 2 + ^ w " 3 + &c. 
= (A**- 1 + C*—« + JEr- 3 + Gr- 4 + &c.) Vt ; 

or, when both sides of this equation are squared, and the 
terms properly arranged, 
t** + (2B-A*) t*- x + (2D-2JC + J3 2 ) * 2W - 2 
+ (2F-2AE + 25D- C 2 ) * 2m - 3 + &c. = o. 

4. Let »=2m+ 1. In this case, when *Jt is put for 
x 9 we have 

(r + Br- 1 + Z)r~ 2 + Ftr* + &c.) \/* 
= At* +Cr~ l + Er-* + &c. 

and when both sides of the equation are squared, and 
the terms properly arranged, we obtain the same equation 
as in 3, except that we get 2m + 1, instead of 2m. 

5. For both cases of the equation we consequently have 

t+ (2B- J*)!- 1 + (2D-2JC + B 2 ) r- 1 

+ (2F-2AE + 2AD-C 2 )r- 2 + &c. = o. 

Remark. If we had not already known how to find the 
expressions (2), (2 2 ), (2 s ), &c. by another method, we 
could have found them immediately by these means, by 
placing the equations in 1 and 5, opposite one another, and 
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putting the coefficients of the same powers of ( equal to 
one another. Thus for instance we obtain 

- [2] = 2B - A 2 

[2 2 ] = 2D — %AC + B* 

- [2*] = 2F - *AE + 2BD - C c 

[3 4 ] «? 3# - 34G + %BF - fiC/* + Z>* 

&c. 
from which the law is easily seen. 

If we denote the coefficients of the given equation, in 
order to denote the places which they occupy in it, by 

A 9 A, A, A, kc. instead of A, B 9 C, D, &c. the law 
will be still more easily perceived. Then we have 

— [2] = 2 A — AA 

4 3 1 2 2 

[2 2 ] = 2A - 2AA + AA 

6 5 1 44 3 3 

— [2 s ] = %A — 2^ + %AA — ^ 

8 71 62 5344 

[2 4 ] m 24 - M4 + 3^ 4- 44 AA 
and in general 

t* is—14 8fcr2 t 2#-3 3 

± l2 f \9?*A—*A4+9AA—*4d+ ... 

+ A A ± AA 

the upper sign obtains when n is even, and the lower 
when n is odd. 

Eulex uses these formal* for finding the impossible roots 
of an equation {Complete Introduction to the Differential 
Calculus, translated by Miehelsen, Part III. p. 135], but 
he gives no proof of t&em, but merely says, that they may 
be found by the theory of combinations. A proof of these 
formulae different from the above, wy be seen in Klugel's 
Mathematical Dictionary, Art. Combination, p. 469> &c. 

•*- l 5 
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SECTION XLIV. 

Pkob. From the given equation 
x» - Ax»~ l + Br-* - CxT* + &c. = 0, 
find the equation for the with powers of its roots. 

Solution. The roots of the required equation are xf m 9 
x //m 9 x J,fm y &c. Hence we obtain in the same way as in 
the foregoing §, the equation 

r-[m] r-'+M r-*-[m*] r^+M r- 4 - 

±K- l ]* + [m"]= 

The numerical expressions here are all of the form [a*], 
and . * . may easily be found. 

SECTION XLV 

Pkob. From the given equation 
x n - Ax 9 - 1 + BaT 41 - CxT 3 + &c. = 0, 
find the equation for the differences of its roots. 

Solution 1. The number of the different values which 
the function x / — x J/ contains by the substitution and 
transposition of the roots, is equal to the number of 
variations (in the sense in which Hindenburg uses this 
word)* of n different things of the second class, .• . = n . 
{*— l). The required equation is consequently of the 
n .(n— l)th degree. Further it is evident from § 
XXXVI, that this equation contains only even powers 
of t, and that .-., when for the sake of brevity we put 
n . (n— 1) = 2m, it has the following form : 

fm _ A' t *»-z + £/**r* - (7**- « + &c. ss ; 

* See vol. 1. p. 83, note. 
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and the roots of these equations are (a/— a/ 7 ) 2 , (a/ — x/ l, f y 
(a'-*/")*, &c, (*"— a/"ft (a"-*") 2 , &c. &c. 

The coefficients A', B' 9 O, &c. may be determined in 
the same way as in § XXXVI. yet the calculation by 
this method is attended with many difficulties, and besides* 
the law of the terms cannot be easily discovered. The 
following method, which will be frequently used in the 
sequel, is more simple and general 

2. For this purpose, put 

Sl = (x'-a/')*+(x'-x"')*+ (« / -« /F ) 2 +-+(« // -« /// ) 2 +... 

5 r 2=(a / -V / ) 4 +(* / -^ // ) 4 + W-x' r ) it +«.+ (*"-*"') 4 +... 
S3=(*/-x")«+(x'-x/")<> + (*W F ) 6 +...+ (a/W") 6 *... 

&c. 
then the expressions Si, S2, S3, &c* are no other than 
the sum, the sum of the squares, the sum of the cubes 
&c., of the roots of the equation for t. 

3. Since the expressions Si, S%, S3, &c. are the same 
for the transformed equation, as the expressions (1), (2), 
(3), &c. are for the given equation, consequently the 
formulas found in § IX. are equally applicable to the 
coefficients A', B', C, &c, when throughout Si, S2, S3, 
&c. are put for (l), (2), (3), &c. and also — A', + Bf, - 
C, for A, B, C, &c. Thus we have 

A'ezSl 

A'Sl - S2 



Bf± 



O = 



2y = 



2 
B f S\ - A'Sl + S3 

3 

C'S\ - B'S2 + A' S3 - £4 

4 
&c. 

M 
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If we had calculated the expressions Sl 9 *S2, S3, &c., we 
should have found, by means of these equations, the 
coefficients A' 9 B', C", D ', &c 

4. If the expressions Si, S2, S3, &c. are solved, we 
obtain 

Si = (n-l)(a/* + x"* + x"'* -f &c.) - 2 (*V 4- *V" 
+x"x"'+&c.) 

= (»-!) (2) -2(1*) 
S2=(n-l)(x / *+x"*+ x " / *+&c.)— 4(^x // H / V / +a/i ///3 

+xW+x"4"*+x"*x"' + &c.) + 6 (x^*"* + a/V* 
+a y/2 ir ///» ) 

= f»- l)(4)-4(13) + 6(2 8 ) 
< iSS = («-l) (*'«h- «//6 + *"/6 + & c# ) _ 6 (*V'*+* / V / 

+'V* + #V //4 + ^4j///« + ^/>v //4 + jr"V"+ &c.) 
- 20 (a?*r"» + yV //3 + j"V //3 + &c.) 

= (»- l)(6)~ 6(15)+ 15 (24) -20(3*) 
&c 
These values of £l, S2, S3, &c. need only be substituted 
in the equations in 3, in order to find the coefficients 
J', £', C, &c. 

5. But these values may at any time be reduced, by 
means of the two equations 

(«0) = («) (g) -(« + g) 

*(«")=(«)'— («a) 
to sums of powers only, and then we have 

si = («-i) (>) - «p*jri9] 
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52 = (»-l) (4) - 4 [(1) (3) - (4)1 + 6[ (2) 'j< 4 > ] 

53 = («-l) (6) - 6[(1)(5) - (6)1 + 15[(2)(4) - (6)] 

- *>F^] 

&c. 
or after the proper reduction, 
6. 

(1)* 



Si = n(2)-2 
52=n(4)-4(3)(l)+6^ 



2 



S3 = » (6)- 6 (5) (1) + 15 (4) (2) - 20^? 
and in general 

gjLt . 2jt£— 1.2/Lt — 2 H+l(flf 

1 . 2 . 3 ji 2 

These formulae will be of great use in the sequel in the 
theory of imaginary roots of equations. 

Remark. From Elementary Books on Algebra it is 

A 
known, that when in the equation of—Aof~ l +&c.> x+ — 

is substituted for x, its second term vanishes* But 

since by this substitution, all the roots of this equation 

are diminished in an algebraical sense by the magnitude 

A 

— , .•. their differences remain the same, consequently 

also the equation for their differences undergoes no change. 
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We obtain, however, this advantage by losing the second 
term, that the values of the expressions (1), (2), (3), &c. 
Si, &2, S3, &c. are much more simple. Thus we have 
(D = o 

(2) = - 2B 

(3) = 3C 

(4) = %B* — 4JD 

(5) = - 5BC + 5E 

(6) = - 2S 3 + 3C* + 6BD 

&c. 
Further, from 6, because (l) = o, we get 
Si = n (2) 
£2 = n (4) + 3(2)2 
#3 = n (6) + 15 (4) (2) — 10 (3) 2 
&c. 
These formulas may be used with advantage in the 
case, when in the values of Sl 9 S2, S3, &c, which have 
been found in 4, there are such numerical expressions 
as exceed the limits of the annexed tables. If this be 
not the case, it will be better to retain the former formulas. 

SECTION XL VI. 

PitOB. From the given equation 

of - Aof- 1 + BaT* - Car 3 + &c> = o 
find the equation for the sums of every two of its roots* 

Solution 1. The required equation must have the 
following roots : 

x 1 +x", a/+#'' 9 x' + af r , ...j/'+j/" 9 xf l + a/ v 

and the number of these roots is equal to the number of 
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combinations of n things taken two and two, consequently 

= — - — - — , for which, for the sake of brevity, I shall put 
1 • 2 

nu The required equation will consequently be of the 

with degree ; it may be represented by 

r - A f r~ x + B'r~* - C'r- 3 + &c. = o. 

The coefficients A\ B\ C\ &c. may be most easily de- 
termined from the method used in the foregoing §• 

2. For this purpose, then, put 

Sl = 

W+x") + (*'+*'") +(x / + « /r ) + .. + (* // +tf /// ) +... 

As 

(a/+^0 2 +(^+^ // ) 3 + (^+^ /r ) 2 +-- + (^ / +i /// ) 9 +... 

S3 = 

(^+^o 3 +(^+^ / 3 +(^+^ /r ) 8 +..+(a/ / +^ // ) 3 +--. 

&c. 
so that the expressions *Sl, *S2, S3, &c. denote the 
sums of the first, second, third, &c. powers of the 
roots* If we have determined the values of these equa- 
tions in any way, then the coefficients in 3 of the fore- 
going § give the coefficients A' 9 B\ O, &c. 

3. If we solve these expressions, we get 

ft =<ii-1) (1) 

52 = (»_l)(2) + 2(l») 

53 = (»-l)(3) + 3(12) 

#4 = (n- 1) (4) + 4(13) + 6(2 2 ) 
S5 = (»-l) (5) + 5(14) + 10(23) 

&c. 
whence the law may very easily be discovered. 
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4. If we wish to represent the values of the expressions 
Si, S&, S8 9 &e. immediately in sums of powers, we only 
need proceed as in 5 of the foregoing §. We then 
obtain 

Sl m (n-1) (1) 

,S2 = (»-l)(2) + 2 [ (1) *J (2) ] 
S3 = (n- 1) (3) + 3 [(1) (2) -(3)] 

S* = (»-l)(4) + *[(l)(3)-(4)]+6[ ( -^ii ) ] 

SS = (n-l)(5) + 5[(l)(4)-(5)] + 10[(2)(S)-(5)] 

&c. 

or after the proper reduction 

51 = (»— l) (l) 

52 = (n-2) (2) + 2^1 8 

2 



S3 = (»-2*)(3) + 3(2) (1) 



(2«) 



S* = (n- 2 s ) (4) + 4 (3) (l) + 6 g 

S5 = (n-2 4 ) («) + 5 (4) (1) + 10 (3) (2) 

&c. 
and in general 

ty=(n-2*-«)'00 + /i Oi-l)(l) + M i^V -2) (*) 

+ i . 8 ; s b-V < 3 > + 

and the last term of this series is either 

p.p-l.p-2 -f + 1(J) 

J . 2 . 3..... £ 2 

2 
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or 

ft+3 



•••••• 



/ic — 1 V 2 ' V 2 ' 
1.2.3 g 

according as m is an even or an odd number. 

The abbreviations in the note to the preceding §, may, 
moreover, be also applied here. 

SECTION XLVII. 

P&ob. From the given equation 

of — Jx*- 1 + Br-* — CaT 3 + &c. = o 

find the equation for the function (ax'+bx")* ; when p 
is a whole positive number. 

Solution 1. Since in the function (ao/+i^ // )% we can 
put every other root of the given equation for the roots 
a/, x") consequently the number of the values, which the 
function can contain, = n . n — 1, for which I shall sub- 
stitute nu The required equation is consequently only of 
the wth degree, and may • • . be represented by the equation 

r - J'r- 1 + B'tr-* — f 'r- 3 + &c. = o. 

2. The method which has been made use of in the two 
preceding sections, for determining the coefficients A\ 
B\ C, &c. may likewise be applied here. Thus, if we 
denote by Si, S2 9 S3, &c the sums of the first, second, 
third, &c. powers of the roots of the transformed equa- 
tion, we have 
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Si = (oi / H-fti // )' + (ew y/ +6^)' + (ox / H-6i y// )'+... 

52 = (az y +ft^0^+(^ y/ + ft ^+( a ^+ 6j/// ) ?i> + ••• 

53 = (ax / +6x'0*+(a^ / +fa0*+^ 

Having detennined these equations, the equations in 3, 
§ 45, give the values of the coefficients ^', 2P, C / . It is 
now only necessary to determine the expression Si ; 
having found this, we then obtain the remaining ones, 
S%, SS, &c when we successively substitute 2p, 8p, &c. 
for p. 

To find Sl 9 we shall arrive most readily at the object in 
the following way. 

3. Make the new expression (<f>) 

2=(aa/+ fey + t^+fts^ ^ 

&c. 

in which z denotes any unknown magnitude hitherto unde- 
termined. If we solve this expression by means of the 
binomial theorem according to the powers of #, we obtain 

S = a* (x* + a/* + x"» + x/ y > + &c.) + 

p<?- l b(jx/*- 1 + a/*- 1 + x"'*- 1 + x"*- 1 &c.) z 
+ &c. 

or Op) 

1 • 2 
+ &C. 

This equation must always be true, whatever we substitute 
for *• 

4. Now, if we successively put a/, a/', a/", a/ K , &c. for 
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z 9 and denote that which 2 becomes hy these means, by 
S', S", S //7 , S /F , &c, we have in the first place from the 
equation (^) 

2' = (a + &)V + (ax"+bj/y + (a* 7 " + bx J y + &c 
2" =(02/+ bx"y + (a + ft)V> + (<u/" + bx"Y + &c. 
2"' = (ax' + bx»'y + (ax" + ox"')' + (a + i)'*"" + &c. 

&c. 

Hence it follows that 

2' + 2" + 2'" + &c. = (a + by[p)+ Si 
Further, from the equation (\p) we obtain 

2' = 1 

a>[p]+ P a>- 1 b[p-l].x' +f^ a '~'^[P<U*" +&c 

^f+pa'-^p-l].^ +^=iar«^[p-2l . «"« +&c. 

2 W = n-1 

&c. 
and hence 

5. If we put the two values found for 2'+ 2"+ 2 /// &c. 
equal* to one another, we obtain 

l ^[pKi4fJ-T][i ]+ f^^ M W + **. 
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and hence 
Si » [na>~(a+i)>] [p] + paT'b [p-l] [!]+ 

+ + £i£r±i£zi^iMol M 

T 1.8. 3 .p l Jltl 

6. If in this expression for Sl 9 we combine the first 
and the last terms, the second and the last but one, and 
generally every two terms, of which one is as distant 
from the first, as the other is from the last, and at the 
same time keep in mind that [0] = a^+a/^+ff^+ftc. 
=71, we then obtain 

Si = (n(a> + &>) - (a + by) [p] + 
p(ar l b + ab>~ 1 ) [j>-l][l] + 

?' P 7V -*y + c?b>-*) [p-2] [2] + 

&c. 
The last term of the expression, when p is an even num- 
ber, is 

PP- 1 f-+ l _, j_ m 

- a* , 6" . L2J 

l.S P 

« 

But if p be an odd number, then the last term is 
p+3 

—jO** • ** + «* • W'L^ r JL~J 

JL • At ••• ■- 

2 

7. If in the expression far Si, we substitute for p, 
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%P> ®p> fyy $<*• successively, we obtain the values of the 
expressions S%, S9> Sis, &c. and the substitution of these 
values in the formulae in 3, § 45, gives the values of the 
assumed coefficients A/ B' 9 (7, &c. 

SECTION XLVIII. 

Frob. From the given equation 

x*~Ax*- 1 + Bx p -*~Cx»- 3 +&c. = o 
find the equation for the function (ax* +bx /r )~ f > when ji is 
a whole positive number. 

Solution. From the equation found in the preceding § 
for t, which has the roots (oaZ+fci/'y, (or" +bj/y 9 
(ax'+bj/^y, &e. another may be derived, which has 
(§10) the reciprocal roots (ar'-hJx")""** (or // + bx y )~ p i 
(ca/ + fcr /// )~*, &c. and this will be the equation which is 
here sought. 

SECTION XLIX. 

From the foregoing problems it is sufficiently seen, 
what must be done, in order to find the equation on 
which a given function of the roots of an equation depends* 
By these, then, we arrive merely at the two following 
points: 

1. To find all the possible values of which the given 
function is capable. 

% From these values to form the required equation. I 
shall begin with the first. 
In order to find all the possible values of a function, 



92 

we must transpose its roots in as many different ways as 
possible with the other roots of the given equation, and 
with each other ; and of all the results or values thus 
obtained, we only retain those, which are actually different 
from one another. 

If all the roots of a given equation are in a function, it 
is only necessary to permute these roots in all possible 
ways. Consequently, if the given equation be of the nth 
degree, then a function of this kind generally contains 
1 . 2 . S ... n values, because n things can be permuted 
this number of times. But if the form of the function is 
such, that more permutations than one generate equal 
results, then the number of the values is often less ; and 
if all the values be equal, then the function is symme- 
trical. 

If in the function there is only a number fi of the n 
roots of the given equation, then these n roots enter into 
the function in as many different ways as there are com- 
binations in n things taken fi and fi ; and the number of 
these combinations 

n . n — 1 . n — • 2 ...... n — jx + 1 



«M^p*<lMl^W^fc*_M*aH«i 



Every such combination, however, allows of 1 . 2 . 8 ... fi 
permutations of the roots it contains ; consequently the 
number of the values whioh such a function generally 
contains is 

asn.n — l.n — 2 n — fi + 1 

. • . it is equal to the number of the variations of n things 
taken /lc and /u. But if amongst these there are equal Values, 
then this number will often be much leas ; although in 
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the assumed case they never can be less than n, because 
the number of variations never can be less than the 
number of elements. Consequently the transformed 
equation in this case can never be of a lower degree than 
the given one itself. 

In the general inquiry respecting functions, it is always 
allowable to assume, that all the roots of the given equa- 
tion are contained in them, because in the contrary 
case, only each of the roots which are wanting, considered 
with a coefficient ±=o, can be added to the function. 

SECTION L. 

Explanation 1. Functions are said to be homo- 
geneous, when they contain the same roots, and when in 
all the transpositions of these roots, they either at the 
same time change, or remain the same. 

Let, for instance, the functions 

and likewise the functions 

be homogeneous. . Then the first two have no more than 
the following 6 different and corresponding Value* : 

*' + *'"--*"-*'% of J" -a/V 
y + x /y - *"_«/", a/a/' - a/V" . 
jh + qJv _ y — a/', ^ ,l s/ v - afjf u 

a/t + *»/-*' ~ j/', a/V" — a/a/* 
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and the two last no more than 2, viz. 

Z L L yJPrlllrtUr i 1 //j> r ///q 1 Jr , ^//p^Jq^/fr 

l/i )T J t^ // , w» t* <A> "T* JU <X> J, T^ JL JL JL 

X // x xf" 



2. The letter f prefixed to the roots of an equation, or 
even to other magnitudes, in the sequel* always 
denotes a rational function of these roots or magnitudes. 
Thus f: (a/) denotes a rational function of a/, f: (a/) 
(a/ 7 ) a rational function of a/ and a/ 7 , and in general f: 

0*0 (V 7 ) (V 77 ) (*") (*M) a rational function of 

x/ 9 a/ 7 , x /// 9 x/ v 9 x<"\ and so in like manner of other 

magnitudes. In order to distinguish the functions, some- 
times also the letters F, <p, \p are made use of instead off. 

In this notation of the functions, it is preferable with 
each set of brackets ( ), which follows the letter^ to 
attach a definite representation of the manner in which 
the magnitudes contained in it are combined with the 
others ; so that when any permutation of these magni- 
tudes under the symbol,/ is intended, one of the permu- 
tations corresponding to it in the expression represented by 
it, must be denoted. 

Thus, if/: (a/) (a/ 7 ) (*"') = W - * w ) (*"-*')> 
we then have 



/ 
/ 
/ 
/ 
/ 



(xO (x"') (*") = W'-x") (x"'-x J ) 
(*") GO (*"0 = (*"x / ~*" / ) (x / ~x // ) 
{x") (x"') (V) = (*»*"'-*0 (*"'-*") 
(x /// ) (a/) (r") = (*"V-*") (xZ-x"') 
(3/") (x») {x>) = {x J "x J '-x J )(x"~x" / ) 
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3. tn order to distinguish the values which a given 
function contains by the permutation of its magnitudes, 
from the symbols by which this permutation is denoted, I 
shall call the latter types* Thus, the function/: (V) 
(a/') (i/") has six types, via. :/; <V) (*") is/%/ : <V) 

O'") (*"fc /•••(*") GO <*"')*/.• <*") <*"') <*0, 
/*(*"')(*') (*"% /:(*'") (*") (O* «** generally 
there are always as many ty£es of a function as permuta- 
tions of the magnitudes under the functional symbol. 

The types are, as it were, the representatives of the 
values which a function contains, and in general inves- 
tigations of functions may be used with very great 
advantage. If, for instance, we wished to show that any 
particular function had such a form, that the values arising 
from these or those transpositions were equal to one another, 
instead of actually expressing these permutations, which 
would often be attended with a great deal of trouble, it is 
only necessary to give the types-, which correspond to the 
equal values. 

SECTION it. 

When a function has such a form, that any two of its 
values are equal to one another, then the function must 
always necessarily have more than two equal values. 
Thus, if the function be such, that 

/: (*0 (*") (*"0 «/•• OO (*"') (x") 

then also must 

/•• (*") («0 <*"0 =/• O") 0"') (*0 

/: (*"0 (*0 (*") */; (a"') (*") (*0 

H- N 4 
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For the first equation shows, that the value of the type 
f : (j/) (x") (J 777 ) remains unchanged, when the roots of 
the two last sets of brackets are transformed, .*• the 
types/: {x") (j/)V"), /• {*>'") (*0 (*") in the same 
transformation of the brackets, must remain unchanged, 
because the equality, in the sense in which it is here 
taken, by which is meant no more than identity, is not 
derived from the numerical nature of the roots, but 
merely from the nature of their combination, consequently 
from the form of the functions. 

SECTION LII. 

Auxiliary Rule. If we combine a series of elements 

a, b 9 c, d 9 e, p> with as many numbers 1, 2, 3, 4, 

5. w, arranged in any order according to a cipher, for 

instance, as follows : 

3 2 164 57 8 9 \v 

abed efgh i .p 

after this, permute the elements in the manner denoted by 
the ciphers placed over them, and from the permutation 
thus obtained, derive another, from this again another, 
and generally from every permutation last found, derive a 
new one, always observing in the transposition the law 
denoted by the ciphers : now I affirm, that by continual 
permutation, we must necessarily return again to the first 
permutation. 

583214796 
Thus we obtain from the permutation A^vkcdefghi 

for the figures placed over it no more than 9 permutations 

A& A 3 , A i9 A i9 A 6> A lf A 6 , A 9 , A l0 



? 

I 

1 
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583214796 

A x = ab c d e f g hi 

A 2 z= e k c b ad g if 

A y = aichebg fd 

A i = efc i ah g db 

A s = a d ef e i g b h 

A 6 =zebcdafghi 

Afj =ahcbedg if 

A s = e ichab gfd 

A 9 = a fc i eh g db 

A l0 =ed cfa i g b h 
If we proceed with the last permutation in the same 
manner as we did with the preceding ones, we again 
obtain the first. 

Proof. Let 

«"1* -"2* «"3> ^*4J •••• ■"«*> ♦ «"»» •••• 

denote the permutations which may successively be de- 
rived from the expression A u -=.abcdtf p 

according to the law of any one cipher. 

Since the number of transpositions, which an expression 
can generally contain is always limited, we must .*. 
necessarily once come to a permutation A v , which is 
equal to one of the preceding A„. But if A ¥ = A„ 9 
consequently also A^ x = A Ub ^ l ; for if the permutations 
A M , Ay^ x> were not equal to one another, then also the 
permutations A v9 A^, could not be equal, since A arises 
from A^i by the same transformation of the elements as 
A^ arises from A^ x . In the same, way we may further 
conclude from A_ v = A^, that also A^ 2 = A^ 2 , and 
hence again, that A^— A^^, and so on. Consequently 

o 
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-4_c*-,)=^ M -^-i) = A i- We have •"• a permutation 
A^u^x) which is equal to the first. Q. E. D. 

The contents of all the permutations obtained accord- 
ing to a given rule of transposition, are, for the sake of 
shortening the expression, called a period, because we 
always obtain the same permutations again, however long 
we continue the transposition. 

SECTION LIII. 

From the foregoing § we deduce the following propo- 
sitions. 

I. — That all the permutations of a period are different 
from one another. 

For if in the period A l9 A %9 A 3 , A 4 ...... A^ A, 

* A m there are two equal permutations A^ t A V9 then 

also must A^ x = A^x, A^ 2 = A lifmJl9 and so on ; con- 
sequently also A^^D = A HHlt ^ l) = A l ; but in this case 
A w could not be the last permutation of the period. 

• 

II. — Let B denote any permutation different from A { , 

now it may belong to the period A l9 A %9 A 39 A m or 

not ; further, let B %9 B i9 B 4 , &c. be the permutations 
derived from B X9 according to the same rule of transpo- 
sition by which A 29 A& A A , &c. was derived from A x ; 
I affirm, that in this case the two periods arising from 
A x and B, consist of the same number of permutations. 

For since the rule of transposition, which is denoted by 
the figures, does not refer to the elements themselves, but 
only to their places, so it is quite the same, in. re- 
ference to the number of the permutations of which a 
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period consists, which elements are in the different places 
of the first permutation. 

Ill- — If B x is equal to any one of the permutations 

duA^At J„ of the first period, then the two 

periods consist of the same permutations. 

This proposition is an immediate consequence of the 
foregoing §. 

IV.— If B, be not equal to any of the permutations 
A is A i9 A 3 , A m of the first period, then the 1 per- 
mutations of the two periods are all different from one 
another* 

For if in the period B i9 B u B z B u B m 

there be any permutation B Kf which is equal to a permuta- 
tion A^ of the period A lf A if A 3 A^ A m , then 

likewise must B K+l = A^ +1 , because B K ^ i is derived from 
B K by the same rule as A^ +l is from A^ ; and when we 
further conclude in this way that B K + % = A^+v JB x+3 = 
Ap+s, and so on, lastly 2?*+, sc -4*h»-«+i» But since 
£„+, = B x> A^+^t+^A^+i, then must B l =-^ M - -t+ „ 
which is contrary to the supposition that B l is different 
from all the permutations contained in the first period. 

SECTION LIV. 

Prob. Let a function be such, that any two given 
types are equal to one another : find all the equal values 
of the function which arise from this supposition (§ 51). 

Solution. For the sake of perspicuity, I shall confine 
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myself to a single case, because it will be sufficiently 
clear from it how we are to proceed in every other one* 
1. Let 



» 



/: <V) (*") (*"') (X") (x») 

denote any function for which the two types 

A, .... /; (*') (*") (V") (x /v ) (x r ) 

J 2 /: (*"0 <V F ) (**) 00 (*") 

are equal to one another. Compare these types, and 
observe how the roots are transposed in the first, 
second, third, fourth, and fifth brackets, when A % is de- 
duced from A t . If we retain this transposition in our 
memory, and then derive from A 2 a new type by the same 
rule by which A % was generated from A l$ from this last 
derive another, and continue this proceeding till we return 
again to the first, we shall obtain the following period, 
consisting of five types : 

A t f:& (*") (*"'). (*'0 CO 

A /: (*"0 (* /F ) (*') (*0 (*") 

A 3 /: (x v ) (*') (j/0 (*"0(O 

A 4 ..../; (*") <V") (*") 00 (*0 

A 5 /: <V F ) (x v ) (?) (*") (*'") 

2. These types must necessarily be all equal, because 
they have all been derived from one another by the same 
rule. Now, since the function f: (x / ) (j/ 7 ) (j/ /7 ) (V F ) 
(x v ) has exactly as many types as there are transpo- 
sitions in five magnitudes, consequently 120 types, it 
only remains that we take from the remaining 115 those 
which, under the hypothesis that A x = A 2 , are equal to 
one another. 



lOi 

3. But this can be done very easily. For we only 
require to take away from the remaining types any one 
whatever, and from this derive a second period by the 
same rule, then again from the 110 types which still 
remain take away another, and by the same rule form a 
third period, and continue this till there are none 
remaining. 

4. In this way we obtain 24 periods, each of which 
consists of five equal types. But if these be already 
found, then also the equal values, as soon as they are 
known, of the function itself corresponding to them, can 
be found. 

Example. Suppose we have observed, that the function 
aW" 3 + a" W 3 + x W /3 + tf'V/'Sa/'' 3 + a/Wo/* 
remains the same, when in the terms in which the roots 
a/, x n 9 x /// , x /y 9 x y are found, we put the roots x /// 9 x /r 9 
x v 9 a/ 9 a/ / respectively, or more briefly f: (V) (x") (a/ /7 ) 
(^0 (x r ) = /; (a/") (x /v ) (x v ) (j/) (*"). Since this 
is exactly the equation which was used in the solution for 
the illustration of the operation, it is ••. certain, that the 
function has 24 times five equal values. Thus the period 
in 1 contains the five following values : 

/: <*0 (*") 0'") (*") (*") = 
aW //s + x"'x rn x' 3 + x W /s + a/VV 3 + x /r x n x /3 

f: \x">) (x /r ) (* F ) (V) <V0 = 
x"'x /v *x n + x W /3 + x"x" n x in + x /r x v *x /3 '+x , x" i x' //3 

f •• O r ) GO (*") (*"') (*") = 

»W fl + a"*"**"* + x ,r x v *x' 3 + x f x" 3 x f " 3 +x"'x /vs x n 
f: (*") (x"') (*") (x v ) (*0 = 
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3/'j/»*3/ n + y W 3 + xW"* + a/ / V fSl * f8 +x W /5 

/; (j/ f ) (x F ) (a/) (*") (a"') = 
^ W 8 + aW //3 + ^'W* +x W /3 + *"*"**"* 
which are evidently all equal. 

SECTION LV. 

Prob. Let there be a function such, that more than 
two of its types are equal : find the equal values of this 
function. 

Solution* Let J 9 B, C, D, &c. denote the types, 
which, according to the hypothesis, are equal. In order 
from hence to find the equal values, proceed as follows. 

1. First permute the type A, or even any other, ac- 
cording to the rule of transposition, that A = B 9 as was 
shown in the foregoing §. If the period, which we 
obtain from this, consist of ft types, then we have at 
once ft equal types. 

&. Then permute each of these fi types in particular by 
the rule A—C. I shall assume that there are fi ; types ; 
then we have generally /a// types, which are all equal. 

3. Permute again each of the /x/i 7 types obtained by 
the rule A = D 9 which may give \i! f types ; then we have 
in all \l\i! yl' equal types. 

4. In the same way we proceed, when we successively 
make use of the rules A = E,A=iF f &c. jB=C, .»=/>, 
&c. C= Pf C= E 9 &c. or, in short, when we put the given 
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types A y B, C, &c. taken two and two in all possible 
ways, equal to one another. 

5. Let the number of types, obtained according to the 
directions in 1, 2, 3, 4, = v. Take now from all the 
types, which arise from all the possible transpositions of 
a/,,z // ,;r /// , &c any other, which is not amongst those 
already found, and proceed with this according to the 
same directions, then we obtain v equal types. If we con- 
tinue this proceeding, till all the types are exhausted, 
we at length obtain a number of divisions, each consisting 
of v equal types. But that the types in every such 
division are different from the types in all the other 
divisions, is an immediate consequence of § 53. IV. 

Corollary. It follows from this solution, that the 
number of the different values which a function can con- 
tain, is always a sub-multiple of the number of all the 
values, which arise from all the transpositions of a/, a/ 7 , 
x'" 9 &c. 

Example I. Let there be a function such, that 
/.- (a/) (j/0 (a/") (a/ 1 ) =/: (a") (*"0 (*0 (i yF ) • 
=/• (*") (*"0 <*") (*0 : 

required to find its equal values. 

From the equation A=B 9 or /: (a/) (*") (*"0 (s/ 7 ) 

=/; («") (a/") (a/) (a/ 7 ), we obtain, in the first place, 

the period 

/; («o (*") <*"0 (O = /• (**) (*"0 («0 (*"> 
=/•• («"0 («0 (*")(*") 



1 
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From each of these three types we obtain, by the appli- 
cation of the equation J=C, or/: (x 7 ) (x 77 ) (a/") (x 7F ) 
= f: (x 77 ) (x 777 ) (x /v ) (x 7 ), a period of four equal 
values, . • . in all twelve equal types, viz. 



(*") (*"0 (O (xo = 

(a") (a') (a") (a'") = 

(*0 (*") (*") (*"0 = 

(a") (*"0 («0 (*") = 
(«0 (a") (a") (a/") = 
(a/ F ) (a"") (a 7 ) (a") 



f: (*0 <*") (*'") (*") =/• 
/; (a'") (*") (*0 (*") =/■ 
/.- (*"/) (a') (a") (,//) =/, 
/: (a") (a") (a"0 (*0 =/' 
/: (a"') (*0 (*") (*") =/■ 
/: (a") (a") (*"') («0 =/• 

At length we obtain from these twelve types, by means 
of the equation i?=C, or/; (x 77 ) (x 77/ ) (x 7 ) 00 = 
/; (a/ 7 ) (x 777 ) (x /r ) (x 7 ), consequently by the permutation 
of the roots in the two last brackets, twelve other types, 
which, together with the former, give all the twenty-four 
types of the function/; (x 7 ) (x 77 ) (x 7// ) (x 7F ). Hence it 
follows, that a function of the supposed nature must 
necessarily be symmetrical. 

Example. II. Let a function be such, that 

/; (x0 (x 77 ) (a/") (aO = /; (x 77 ) (x 7 ) (x 777 ) (x") = 
/; (x 7 ) (x 77 ) (x 7F ) (x 777 ) = /; (x 777 ) (x") (x 7 ) (x 77 ) : 

required to find its equal values. 

Th6 equation J=B 9 or/; (x 7 ) (x 77 ) (x 777 ) (x 77 ) = 

./; (x 77 ) (x 7 ) (x 777 ) (x 7F ) gives no more than these two 

equal types. If to these we apply the equation d=C, 

«/• 00 CO (*"') <>")=/• (*0 (*") 00 (*'")» we 

obtain the four following equal types : 
/,• (a0 (*") (x'") (") =/; (*') (*") "(*") (*/") = 
/: <a") (a/) (a/") (a") «/•• (a") (a^ (*") (*"') = 
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From these we again obtain, by means of the equation 
A=D, or/.- (xO (*") (*"0 (x"> =/-• (x"'> (*") (*0 
(x") the following eight equal types : 



(*"0 (x'") (*0 (x") = 
(x^ (x"') (x0 (*") = 

<*"0 (*") (*") («o = 

(x") (x"') (*") (a 7 ) = 



/: (*0 (*") (x">) (x") =/: 
/.' (x 7 ) (*") (*") (*"') =/• 

/•• (*") («0 (*"0 .(*") =/• 
/• (*") (*0 (*") (*"0 =/■ 

The equations 5= C, 5=2), C'=Z> always again give 
the same types. The type/; (x 7 ) (a") {x"') (x") con- 
sequently contains no more than seven equal types. 

If now we take any other type of the remaining six- 
teen, viz./: (x"') (x 7 ) (x /y ) (x 77 ) and proceed with it as 
we previously did with/.* (x 7 ) (x 77 ) (x 777 ) (x" r ), we again 
obtain eight equal types, viz. 

/•• (x 777 ) (x 7 ) (a/*) (x 77 ) =/: (x 7F ) (x") (x 77 ') (x 7 ) = 

/; (x"') (x 7 ) (x 7 ') (x /F ) =/; (x") (X 7 ") (x 777 ) (x 7 ) = 

/: (x 7 ) (s 777 ) (x 7 *) (x 77 ) =/; (x 7 ") (x 77 ) (*0 (*"0 = 

/: (x 7 ) (x 777 ) (x 77 ) (x'"> =/: (x 77 ) (x 7 ') (a/) (x 777 ) = 

If from among the eight remaining types, we select any 
one, for instance, f: (a/ 7 ) (V 77 ) (a; 7r ) (j/), and proceed 
with it in the same way, we obtain them all. 

Hence . •• it follows, that the function of the supposed 
kind can have no more than three different values, via. : 

(*0 (*") O"0 (Of/.- (*"0 GO O yF ) o")>/.- (*0 

(a/ 77 ) (* /F ) (a/), and that consequently such a function will 
not lead to any equation higher than the third degree. 
Of this nature are the functions (j/-fV— ff 7 "-* 77 )*, 
a/j/'-f x /// .r /F , and innumerable others; the method to 
find which will be given hereafter. But if we wish to 
use a function of this kind to solve equations of the fourth 

p 
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degree, it is not sufficient that the transformed equation 
should be of a lower degree than the given one ; but we 
must likewise be enabled, from the known values of such 
a function, to determine the roots a/, 2", a/", a/* by 
equations of a lower degree than the fourth, because 
otherwise the transformation of the equation will be of no 
use. In the functions aV + * // V F , (a 7 + x ff —x /,, —x fY )\ 
this is actually the case, hs we have already seen in § w 
and 4fc. In the sequel the conditions will be given, 
under which it is generally possible, from the known 

value of a function/; (a 7 ) (x f/ ) (x ,n ) (jr») to find 

the values of the roots a/, x u > x'" 9 ... aK**> by equations of 
a lower degree than the mth. 

SECTION LVI. 

Pbob. Determine the degree of the equation on 
which a given function depends. 

Solution 1. If in a function/: (a/) (*") {%'") (ar<W) 

there are all the roots of the given equation, and if this 
function be such, that in each transposition of its roots it 
changes its value, then the transformed equation is 
necessarily of the degree 1.2. 3 /x. 

« 

2. If the function be such that a number of types 
A, B, C, D, &c. are equal, and if the number of the 
equal types which can in general be derived from them, 
by the directions given in 1, 2, 3, 4, of the foregoing 
§, = v, then the number of the different values, of which 
such a function is capable, or the degree of the trans- 
formed equation, 
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1 . 2 • 3 •»••• ••• jti 

v 

3. If the function remain the same, when m roots 
change their places in all possible ways, then the degree 
of the transformed equation 

1 . 2 m ^ n 

4. If the function still remain the same, when mf 
other roots, and again m /y ether roots, and so on, ehange 
their places, then the degree of the transformed equation 



1.2.3 



1 . 2...ro x 1 . 2...W*' X 1 . 2...w // x &c. 

5. If the function be such, that each time its value 
remains unchanged, when m roots, and again m' other 
roots, &c. change their places in all possible ways, and if, 
besides, a number of types A t B 9 C, Z>, &c. are equal, 
then the degree of the transformed equation 

1.3.3 fi 

~~1 . 2...mx 1 . 2...m / xl . 2...m // x &c. xv 

when v retains the signification it does in 2. 

6. If all the roots of the given equation be not in the 
function/: (V) (a") (a"')... (*»),. a&d if the equation 
be of the nth degree, then all the formulae given in 
J, 2, 8 9 4, 5, must. be multiplied by the factor. 

n . n— 1 ,n — 2 n — ju + 1 

I ■ ■ i ■■ m ■■-■■ ■ i «. i . , 

1 . 2. 3...... a 
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The reason of all this is sufficiently evident from what 
goes before. 

section lvii. 

Prob. From the given equation 

a*-Jar- l + Bx n -*— Gr^+Ac. =s o 
find the equation on which the function/: (x/) (x"' 
(x/")...(xM) depends. 

Solution 1. Seek first all the different values which this 
function contains, both by substituting for its roots the 
other roots of the given equation, and by their permutation . 
Let these different values be denoted by y, y, y", 

y r y->. 

9. Then form the equation 

(* -y> (* -yo e - yo •••• << -y->) = ° 

and actually multiply the factors in the first part. Then 

f —A'*-* + B'ir* — Of- 9 + &c. = o 
is the equation obtained from this operation, . * . 

a 1 =y +y +y"+y r +&c. 

B' = //' + W + // r + y"y"' + &c. 

c = yyy +yyy +yy "y * + &c 

&C. 

3. The functions .4', B 7 , C, &c. are symmetrical in 
relation to y^y^y 7 , ....y*>, and consequently no trans- 
position of these magnitudes can effect any change in the 
values of the former functions. But the magnitudes y, 
y> nf n > ••••y** are themselves again functions of the 
roots x 1 , x // y x //f 9 &e* and such too as merely transform 
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into one another^ whoa the l ee ls ait UamfUfflUxl ilh d 
j^SBCCBSXjA in every possible way. Consequently no further 
change takes place by transforming and permuting the 
roots in the above expressions for A\ B f 9 C", &c. than 
that j/,y 7 , j/^, &c. change their places. Now, since this 
effects no change in the values of A f 9 B* 9 C f 9 &c. con- 
sequently these values remain unchanged by the trans- 
formation and permutation of a/, a/', xf lf 9 &c. Therefore 
the coefficients A f 9 B f 9 C", &c. are necessarily symmetrical 
functions of the roots x f 9 x n 9 x n, 9 &e. 

4. In the two first sections, however, it was shown, 
that every symmetrical function of the roots of an equa- 
tion, may always be expressed rationally by the coeffi- 
cients of this equation. Therefore also the coefficients 
A' 9 B' 9 (7, &c. may always be expressed rationally by 
A, B 9 C, &c. 

5. Consequently an equation may always be found, on 
which depends a given function of the roots of another 
equation, and the coefficients of the former will always 
be rational functions of the coefficients of the latter. 
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IV.— On elimination, togethee with its appli- 
cation TO THE REDUCTION OF EQUATIONS. 

SECTION LVIII. 

Prob. Let there be n equations of the first degree 
given, which contain as many unknown magnitudes : 
required to reduce their solution to the solution of n — 1 
equations of the first degree only, which contain but n— 1 
of these unknown magnitudes. 

Solution 1. Let 

*x + by + cz + + kv + It* ss A 

a x x + b x y + c k z + -f k x v + l x w = A l 

a 2 x + b 2 y + c 2 z + + k 2 v + l 2 w = A 2 

a*- l x + b^ l y + c^. l z+ +*»_it> + k-i*0=X-.i 

be the n given equations ; x 9 y 9 z a, to, the n un- 
known magnitudes ; a 9 b 9 c 9 k 9 1; a i9 l l9 c lt ... k lt 

L ; <h> b», Ci, ... k 29 l 29 &c. ; likewise A u A 2t A z , &c. 
the given magnitudes. 

% Assume II„ II 2 , IJ 3 , EU^asrc— 1 magnitudes 

hitherto unknown, and multiply the second equation by 
n„ the third by U 2> the fourth by n 8> and so on ; lastly, 
the last by n_, ; then add all these products to the first 
equation ; hence 'arises the equation 
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A+Ajl, + AJ1 2 + + ^,n^ = 

(a+ ajlt 4- OjIIa + 4- AmM? 

+ (*+ Ml, + b 2 U 2 + + b H ^U n ^)y 

+(c+ c,n, 4- c«II 2 4- 4- c^n^)* 

+(/ + / 1 n 1 + hn* + + lin H )» 

3. Now we try to determine the factors IT,, n 2 , n 3 , ... 
n^_j, in such a way, that the coefficients of all the un- 
known magnitudes x> y 9 z 9 v, w 9 those excepted 

which we wish to find vanish. If, for instance, we wished 
to find x, we put 

b + 6,n, + J 2 n, + 4- b^n^ = o 

C + Cflx + CjITa + 4" C^n*., = O 

i + ijii + kn* + + '-Ji»-i = o 

4. Hence the equation in 2 is reduced to the follow- 
ing one : 

A + Aji, + AJ\ % + + -df^EU = 

(a + ajlt 4- a,II g 4- 4- OmIIm) » 

and this gives 

a 4- ailli + ajl 2 + 4- I-iIIm 

and the determination of the assumed magnitudes fl„ II 2 , 

Tl 3 , TIo-i, depends upon the solution of the equations 

in 3. 

5. In order .'.to find the value of x 9 we must solve 
the n— 1 equations in 8, from it determine the n— 1 mag- 
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nitudes IIi, II* Us, II«_i, and then substitute their 

values in the expression found for x. 

6. If both in 3 and 4 we substitute a for b, we shall 
find 3/, and in the same manner we find z> when in 3 and 
4 we substitute a for c, and so on. 

Remark. The reduction of equations here given, may 
sometimes be used with advantage, as will be seen by an 
example given further on in this work. But if we intend 
merely to solve the given equations, we shall by these 
means attain our object but very slowly ; in this case the 
method in the following § is preferable. 

SECTION LIX. 

Prob. Let the following n equations of the first degree 
be given : 

a t x + biy + c x z -f + K v + h w = »*i 

a 2 x + b 2 y + c 2 z + -f k. 2 v + l^w = m 2 

<hx + hy + c z z + t + k$v + l^w = m 3 

«»# + *«y + c n z + + K* + 4«> = »*» 

in which there are n unknown magnitudes x 9 y 9 z, 

v y w : find the values of these magnitudes directly, 
and without any substitution or any other calculation. 

Solution 1. If we merely had the two equations with 
two unknown magnitudes 

a t x + b x y = m t 
a 2 'x + b 2 y = m % 
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we should have found ffitci'm the usual way 
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2. If we had the three equations with the three un- 
known magnitudes 

a t x + b x y + c x z = m i 
u& + b»y + eg = m 2 

<*** + *^y + c^ = m 5 
we then should find 

w*]0 2 c 3 — tn})^c % — mjb { c 3 — mj} 3 c x + mjb,c 2 — tnjb^ 
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3. From the formulae in 1 and 2, the rules for the 
solution of the above general equations follow by induc- 
tion. In order to abbreviate them, I shall call the num- 
bers which are affixed to the letters m, a, b, &c. symbo- 
lical numbers. 

(a) Take the product a x b 2 c 3 k^l,; then per- 
mute the symbolical numbers in all possible ways, 
while the letters themselves are not changed ; the 

aggregate of all these 1.2.3 n products, 

then gives the common denominator in the values of 

(b) In order to find the signs of every one of the terms, 
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of which the denominator consists, try how often in 
such a term a lower symbolical number follows a 
higher one, mediately or immediately. If the num- 
ber of these successions be even or O, then the 
sign of the term is -f ; if it be odd, the sign is — . 

(c) If the common denominator be found, we obtain 
from it the numerator in the value of x 9 merely by 
substituting m for a ; the numerator in the value of 
y, by substituting m for b ; the numerator in the 
. value of z, by substituting m for c ,* and so in 
like manner with the other unknown magnitudes. 

Thus the denominator in the values o(x f y n *, is merely 
the product a^c^ with the 1 . 2 . 3 permutations of the 
symbolical numbers ; and with respect to the signs, if, 
for instance, the term a 2 b 3 c t9 has the sign + , because it 
contains two successions of a lower symbolical number to 
a higher, viz. 21, 31 ; but in the term a 3 b 2 c n there are 
three such successions, viz. 32 , 31, 21, and this term con- 
sequently has the sign — . Likewise the numerators are 
formed in the manner given in (c). 

Example. From the four equations 

a v x + b } y -f C& + d L u = m { 

a *P + && + c ** + dp == w 2 
<hx + b^y + w + d z u = m 3 
a 4 x -f b 4 y -+• c 4 z + d 4 u = m 4 

we obtain for the common denominator in the values of 
Xy ys z 9 u, the following expression : 



/ 
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afijCjlt — afijC+dz — afi 3 c t d 4 + aft^d* 
-\r a fi^ds — afi^d^ — ajbfadi -f ajk^d^ 
+ oJwA — a a & 3 c 4 d 1 — ajb^d^ -f* aJ) A c^di 
+ aJbiCjit — aj)^^ — aJ> t c x d A + ajb^c A d t ' 
+ a&Cid, — ajbfodi — afi^c^ + ajb^d^ 
+ *J>&i<k "- &Jb&li *— afi&idz + aAc 2 rf, 

SECTION LX. 

Since the values of the unknown magnitudes in the 
solution of the foregoing § always appear in the form of 
fractions, it may sometimes happen, that the common 
denominator = o, as, for instance, in the two equations 
a,6 2 — ajb^o, and the three equations a^^ — afi^Ci — 
c^biC* + ^2*3^1 + 03*1^ — a^Ci = o. In this 
case, if also the numerator = o, then we arrive at expres- 
sions of the form—. Such a form as this merely indicates, 

that the conditions given in the equations are not such, 
that the values of the unknown magnitudes can be deter- 
mined by their means alone. Thus, if we had the two 
equations 3x + 5y = 16 9 6x + 10y = 32, then would 
«! = s, b } = 5, a % = 6, b 2 = 10, m, = 16, m 2 = 32, and 
consequently from the formula; in 1 of the foregoing §, 
_ 16.10 t-32.5 _ o^ _ 3 . 32 — 6 . 16 = o^ 
X "~ 3 . 10 — 6 . 5 "~ o ,,y ~ 3 . 10 — 6 . 5 o' 
the values of # and y . ' . would remain undetermined. 
But we immediately see why they must continue to be 
undetermined. For if we divide the second equation by 2, 
we obtain the first ; consequently the latter is contained in 
the former, and we have .'.infact no more than one 
equation, from which neither x nor y can be determined. 
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But if the given Equations be such, that the denomi- 
nator vanishes in the value of an unknown magnitude, 
but not the numerator, consequently that we arrive at 

an expression of the form — = oo ; then this result always 

indicates, that the relations expressed by the equation are 
contradictory, and cannot obtain at the same time, while 
the unknown magnitudes, as is always assumed here, 
have only finite values. Thus, suppose we have the two 
equations 8x + 5y = 16, 6x -f lOy = 20, we obtain 

from 1 of the foregoing §, x =: — , y = Z! — ; conse- 

o o 

quently, as we are convinced that there can be no other 

values but these, there must be contradictory relations in 

the given equations. This, indeed, is really the case ; for 

if we multiply the first equation by 2, we get 6x 4- lOy 

= 32, whereas, from the second equation 6r+10y=20. 

SECTION LXI. 

The problems, § LVIII. and LXIX. contain all that 
relates to the elimination of equations of the first degree. I 
shall now direct my attention to the elimination of equations 
of higher degrees ; and I shall first assume, that there 
are no more than two equations given with two, or even 
more unknown magnitudes. Here two oases must be 
considered: first, when the first equation, in reference to the 
magnitudes to be eliminated, is of the first degree, and the 
second of a higher ; secondly, when both equations are of 
higher degrees. 

There is no difficulty in the first case ; for we only 
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require to find from tbe first equation the value of the 
magnitude to be eliminated, and substitute this value in 
the second, when we obtain an equation, in which this 
magnitude does not occur. 

In the second case, by multiplying by proper factors, 
and by the requisite combination of the results thus ob- 
tained, we always try to reduce the degree of the equations 
in reference to the magnitude to be eliminated, till we 
come to an equation, which contains only the first power 
of this magnitude. If from this equation we find the 
value of the magnitude to be eliminated, and substitute 
it in that equation in which it occurs in the lowest 
power, we shall obtain the required final equation. 

The following problems will sufficiently elucidate the 
foregoing. 

SECTION LXII. 

Pbob. Let p 9 q 9 r, pf 9 q' 9 r', be functions of y ; further, 
let the two equations 

I. p + qx + r* 2 = o 

II. p' + q / x -frV = o 

be given between x and 3/ ; find the equation, which arises 
from the elimination of x. 

Solution 1. Multiply the first equation by p / 9 the 
second by p 9 then subtract the results thus obtained from 
one another, and divide by x ; hence arises the equation 
pq[ — p'q + (pr'— p / r) x = o 

and this gives 

__ pfq -pqf 
x ~ pr* - pfr 
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2. Further, multiply the first equation by r', and the 
second by r, and subtract ; then we have 

pr' — p/r + (qr^ — qfr) x = o 
If in this equation we substitute for x its value obtained 
from 1, we get the equation 

0/0 ••• (prf—pSr)* + (p'?— i*flO (qr'—tfr) =; o 
which only contains t/ 9 and which consequently is the 
final equation sought. 

3. If we had immediately substituted the value of x 
from 1, in one of the given equations, for instance in I, 
we should have found 

, girt-P?) . r (p'g-pg')* __ 
* pr 1 — p/r (pr'—j/r)* - 

and if we multiply by (pr* — |/r) fi , and then divide by p f 
we get the same equation as in 2. 



SECTION LXIII. 

Pjiob. From the two equations 

I. p 4- qx + rx* = o 
11.// + tf'tf -h r'tf 8 + sfx? = o 

eliminate ar, supposing that j>, j, r, p', g 7 , /, ^, are 
such expressions as do not contain x. 

Solution 1. Multiply the first equation by p' 9 the 
second by p, and subtract the results, and we get the 
equation 

pqt — p / q + (pr* _ p'r) x + p^x 2 = o 

% If we combine the equation I. with this one, the 
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ease in the preceding § enters here; only that pq / ~p / q 9 
pn J —plr 9 p^ 9 are here what p/ 9 q f 9 r* 9 were in the former. 
We only require . * . to substitute the former values for the 
latter in the equation (\p) of the foregoing §. If this be 
actually done, we obtain the equation 

(/>V -f- qypf —prqf) 2 + {pqsf —-prr* + i*p/ ) x 
(pqqf —q?j/ —p 2 ^ +prpf) = o 

3. If we solve this equation, and then divide by p, 

we obtain 

ft* + pW 2 + pr*q** + r*tf % - flrr*pV 4- 
( q* — %pr) (rp^r* +pq / J) + (3pqr — j*)pV — 
pqrq / r / —p^qr'sf = o 

an equation which does not contain x. 

SECTION LXIV. 

Peob. Again, let p 9 q 9 r, *, p / 9 qf 9 r/ t/ 9 be functions 
which do not contain x : find the result of the elimination 
of x from the two equations 

I. p 4- qx 4- rx 2 4- ax 3 = o 

II. p* + q*x + r^x* + Sx 3 = o 

Solution 1. Multiply the first equation by p/ 9 the 
second by p 9 and subtract the results ; after dividing by 
x 9 this gives 

2. Further, multiply the first equation by ft 7 , the second 
by *, and again subtract ; this gives 

9pl — paf + (ao 7 — oV) x 4 (^ — rsf) x* = o. 
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3. It is not necessary to continue the reduction further ; 
for since the equations found in 1 and 2 are similar to 
the equations I and II, in § 62, for which the result 
of the elimination was there found, it is only necessary 
in the equation (i//) of that section, to make the follow- 
ing substitutions : 

pq / — qpf for p 9 spf — ps* for pf 
piH—rpf for q, aq f — qsf for q / 
pi 7 — sp' for r, sr / ^rs / for r 1 

4. By this substitution we obtain, after the proper 
solution, 

(pq* — qp'Y (st* — rs/f — 2(pq / - qp/) (ps f — sp') 
(sp* - psf) (sr 1 - r*0 + (jpj — sp'? (sj/ - ps*? 
+ (pr* — rpO* (sp ; — ys 7 ) (sr 7 — rV) — (p j/ — jp') 
(pr* — rpO (55/ — qsf) (st* — tV) - (pr* — ry') 
(>' - spO (q/ - y/) Oj/ - ? *0 + (/>?' - qp!) 
(ps' - 3/) (^ - j/)« = o 

5. The first part of this equation consists of seven 
terms, of which five are divisible by sp' — ps*. The 
other two, viz. the first and fifth, taken together, give 

(pq' — qp') (st* - r/) x 
£(/>?' - ffl>0 (Jf - tV) - (pr 7 - rpO (mf - oV)] 
5=8 (P^-ffO I*'—**) (pqr / 9 / + rsp / q / --prq / 8'-q8p'r') 
= (pq'—qp') (sr'—re / ) (sp'—pi/) (rq / —qr / ) 

and consequently the sum of these two terms is also 
divisible by sp'—ps'. 

6. If . • . the equation in 4 be divided by sp / —ps / y we 
*t last obtain the equation 
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SECTION LXV. 

i 

i 

Prob. From the two equations 

I. p + qx + rx* + sx 3 + fcr 4 = o 

II. jt + tfx+ it's* + Jx 3 + *V = o 
eliminate the magnitude x. 

Solution 1. Multiply the first equation by p/ 9 the 
second by p, and subtract ; after dividing by x 9 this gives 

.P? / ""2P / + (P 7 " 7 — rpO * + (P* 7 ""^) a * 
•f (pJ'--*p') x 3 = o 

2. Further, multiply the first equation by if, the 

second by t> and again subtract ; this gives 

« 

pt'—trf + ($*'— tyO x + (rtf—tr*) x* 
+ (st / —ts / ) x* as o 

3. Since the equations in 1 and 2 are both of the third 
degree, in order to save the trouble of carrying on the 
operation, we need only use immediately the equation 
found in 6 of the foregoing §, when we make the following 
substitutions in it : 

, pqf — qp* for p, pi* — ty/for f/ 
pr* — rpf for q 9 qt' — tqf for 5/ 
jw' - 9/ for r, r^ - fr^ for r' 
p^ — #• for #, ^ — Uf for • 

E 



122 

and the result of this substitution is the final equation 
sought. 

SECTION LXVI. 

Prob. From the two general equations 

. I. p + qx + rx a + sx 3 + + vx m = o 

II. pf + qfx + r^x* + aV + -H t/z"= o 

eliminate r. 

Solution 1. I shall assume, that m < n. Multiply 
then one equation by the first term of the second, t. e. 
by p f y and the other by the first term of the first, i. e. 
by p ; then subtract, and divide the remainder by x ; we 
then obtain an equation of the form 

III. A + J l x+J £ x* + J i x*+ + A- l x*~ t =zo 

% If again tn < n— 1, we proceed with the equations 
I and III, exactly as we did before with the equations 
I and II. 

3. In this way we continue to diminish the degree of 
the resulting equation, till we arrive at an equation of 
the mth degree. Let 

IV. B + B,x + B 2 x* + B z x* + + B x»=* 

be this equation. 

4. Combine the equation IV with the equation I in a 
two-fold way, viz. 1. when we multiply the first by p, the 
second by B ; subtract the results, and divide the re- 
mainder by x; 2. when .we multiply the first by a>, the 
second by B m , and again subtract the results from one 
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another. By this operation we obtain two equations of 
the m — ljh degree. 

V. C + Ctx + C % a? + C i & + + C„_,x— *=o 

VI. D+D 1 x+D i x*+D 3 ar i + + 2)^,1*** =o 

5. If we proceed with the two equations so obtained, 
in the same way as we did before with I and IV, we shall 
again obtain two equations of the m— 2 th degree. In 
this manner we reduce the degree of the equations less and 
less, till we arrive at two equations of the first degree. 
Let 

K + K x x = o , L + L x x = o 

be these two equations ; then we have ... 

_ K _ L 

and consequently 

KL X - LK X = o 

and this, since it does not contain #, is the final- equation 
sought. 

V 

6. But it is by nomeans necessary to continue throughout 
the elimination to equations of the first degree ; thus, if we 
have already found the results of the elimination for equa- 
tions of a certain degree, then it is sufficient, as we have 
shown in the foregoing §, to continue the reduction to this 
degree only. 

SECTION LXVII. 

The method of elimination which has been applied in 
the foregoing §§, which Euler makes use of in the 19th 
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chapter of the 2nd Book of his Introduction, is perfectly 
general, but is essentially deficient in this respect, that it 
does not always give the final equation in its simple form. 
Thus, for instance, the equation in 2, § LXIII, was 
divisible by p 9 and then gave the equation in 3 ; in 
the same way, after dividing the equation in 4, § LXIV, 
by sp'—p^ we obtained the equation in 6. This also 
obtains in the higher equations, and the divisors in this case 
are difficult to find. We shall however see, in the sequel, 
that these divisors are actually superfluous, and by no 
means belong to the final equation. Should we not .\ 
probably be able to find such a divisor, we should have to 
solve not only a higher equation for y, than was ac- 
tually required, but there would be also amongst its roots 
such as do not belong to the equations I and II of the 
foregoing §, consequently which were not so constituted, 
that we were enabled to find the corresponding values 
of x 9 which at the same time verily the two equations 
just mentioned. 

Since the elimination of x from two equations between 
x and y has only this aim, to give one or more such 
values for y 9 that it may be possible to find one or more 
corresponding values for x, which are common to both 
equations, consequently every method which serves to 
attain this object, may also be applied to the elimination. 

If . * . we denote one of the values of x by a, which is 
common to both equations, then x—a must be their 
common divisor ; consequently it is merely necessary to 
find the conditions on which the possibility of a divisor 
of this kind depends. To effect this, we only require 
to proceed with the given equations, exactly as though we 
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sought their common divisor ; the last remainder, which we 
get by the successive divisions, and which does not contain 
x> if it contains such a divisor, must necessarily vanish* 
If we put this remainder = o, we then obtain the re- 
quired conditional or final equation. The following pro- 
blem will be sufficient to elucidate what has been said. 
The method to find the common divisor, is assumed to 
be known. 

SECTION LXVIII. 

Pbob. From the two equations 

I. x 3 + 8x*y + Srf — 98 = o 

II. X s + 4,xy — 2y 2 — 10 = o 
eliminate x by the method of the common divisor. 

Solution. The calculation is as follows. 

1. Dividend x* + 8x*y + Sxtf — 98 
Divisor x* + 4xy — 2y* — 10 
Quotient x - y 

First Remainder (9y* + 10) x— 2^—1 Oy— 9B 

2. Dividend a* -f- ±xy — 2y* — 10 

or rather (9y* + 10) X s + $6xy* + *0xy — 

lsy — noy — 100 

Divisor (9tf + 10) x — gy 3 — 10,y — 9$ 

Quotient x + **** + *» + 98 
^ * -r 9y + 10 

Second and last Remainder 

-i8y-iiQ y »-ioo+ <^ +10 -y +98 >< 88 -y 8+50 <y +98 > 
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3, If this remainder be put =o, and then multiplied 
by 9jf 8 + 10, we obtain 

_86y6 — 690y + 3920^ — 1500y* + 5880y + 8604=o 
or, when we divide by two, and change all the signs 

43y + 345y 4 — 1960^ + 750y* - 2940y — 4302 =o 
and this is the conditional or final equation sought. 

Remark. Having found a value of y from the con- 
ditional equation, we can find the value of x, which cor- 
responds to it, by substituting that value in the two equa- 
tions I and II, and then seeking the common divisor. 
Thus we shall find, that ^=3 verifies the final equation; 
if . -. we substitute this value in Land II, we obtain the 
two equations x 3 +9,r a + 27jc— 98=o, a 2 +12,r— 28=o, 
whose common divisor is x—2. Accordingly #=2 is 
the value of x 9 which belongs to j/=3. 

But we could also have found this value of x directly ; 
for we know already, that always when amongst the 
remainders obtained in the divisions for finding the 
common divisor, that remainder which =o, is considered as 
the last, the preceding remainder is the required divisor. 
If we apply this to the present case, then (9^+10) x 
— 2y3_ lOy — 98 is this divisor; and if weput^=3, 
then this divisor is 9 Iff— 182, or x — 2, which agrees with 
the foregoing. 

But hence it follows, that we must also have obtained 
the final equation, if we had substituted the value 

x = Qt 3_f 1Q " 9 which we obtained from the equation 
(9y + 10) x - 2y> — 10j/— 98=o, immediately in the 
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equation II, as the lowest of the. two given ones. But if 
we make the same substitution in the equation I, we 
arrive at an equation of the ninth degree, which con- 
sequently contains one factor more of the third degree. 
But we shall see in the sequel, that this factor is actually 
superfluous, and that . * . the equation in 3 is the complete 
final equation. 

Since the final equation is of the sixth degree, there 
are .•., besides the value ^=3, five other values of y, for 
each of which there is a corresponding value of x. Con- 
sequently it verifies the equations I and II in six ways. 
The same equation of the sixth degree we could also have 
obtained from the equation in 3, § LXIII, if, as the 
present case requires, we had put |>= — 2^— 10, q=z4>t/ y 
r=l,|/=:— 98, q / =Sy 2 9 r'szzSy and« / =l. 

SECTION LXIX. 

From the method of the common divisor, we may 
derive another, which Euler gives in the work above 
mentioned. 

Let 

I. x m + px*' 1 + gx*- 2 + rr 1 "- 3 + &c. = o 
IVtx* +p'x n ~ J + q'x*- 2 + rV- 3 + &e. = o 

be the two equations, from which x is to be eliminated. 
If it happen that these two equations have any common 
divisor x— a, we can then put 

III. x m + Jpx m ' 1 + qx 1 "' 2 + &c. = (r-a) II 

IV. x* + jiy- 1 -f 5V- 2 + &c. = (x-a) II' 

and then II, II 7 are the quotients, which arise from the 
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division of the first parts of the equations I, II by x—a. 
It is not necessary here actually to know these quotients ; 
it is merely sufficient to observe, that they must neces- 
sarily have the following form: 

n = a*- 1 + A*?- 1 + BiT* + Caf- S + Ac. 

n 7 = x- 1 + A'*r l + 5V-* + C'* 1 - 3 + &c. 

and that the first contains m— 1 undetermined magnitudes 
A 9 B 9 C 9 &c., and the second »— 1 undetermined mag- 
nitudes A' 9 B f 9 9 &c. 

Now, if we eliminate x — a from the two equations 
III, IV, we then obtain the identical equation 

W (r* + p'xr 1 + tfx*- 2 + rV- 3 + &c.) n 
If we actually perform this multiplication, after having 
substituted for n, II 7 , their assumed values, and then put 
the coefficients of the same powers of x in the two parts of 
the resulting equation equal to one another, we then obtain 
m+ »— 1 equations between the magnitudes p 9 y, r, &c 
if* tf> **> &c. A 9 B, C, &c. A> 9 B< 9 C' 9 &c. which, 
in reference to the unknown magnitudes A, B 9 C 9 &c. 
A' 9 B f 9 C 9 &c. are all of the first degree only. Since • • . 
we have ro +71—1 equations, and only wi-f-n— Z unde- 
termined magnitudes A 9 B 9 C, &c. A f , B' 9 C", te. these 
can always be eliminated, and by thfc elimination we shall 
obtain an equation which contains no other magnitudes 
but the known functions p, q 9 r, &c. j/ 9 q / , r / 9 &c, and 
which consequently will be the required conditional or 
final equation. 

The following problems will elucidate what has been 
said. 
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SECTION LXX, 

Prob. From the two given equations 
I. x* + px + q = o 
IL x 3 + p / x a + tfx + T* ssd 
eliminate x by the method in the foregoing §. 

Solution. Since here m=2, and n=3 9 then 
n^= x + A 9 n' = a» + ^r + JB' 

The equation (0) of the foregoing § will .*. be 
(x* + px + q) (a* + A'* + W) = 
(x 3 + p's 2 + ^1 + ^(1 + u4) 
Hence, by actual multiplication and equating the coeffi- 
cients, we obtain 

A' + p = A + pf 

B' + pA' + q = jt/A + 5/ 

pB / + ?^' = j' A + r* 

qW = r*A 
Since there are four equations here, and only three 
undetermined magnitudes A % A* 9 Bf 9 we can . * . eliminate 
these magnitudes, which only occur in the first power, and 
we shall then, after the proper reduction, obtain the same 
equation as in § LXIII, by substituting 1, p 9 q 9 1, pf, 
q* 9 t* 9 for r, q 9 p 9 /, r* 9 5', j/, respectively, as the form 
of the equations here given, compared with, the others, 
requires. 

SECTION LXXI. 

Prob. From the given equations 

I. a 8 + px* + qx + r = 

II. x 4 + p/x* + j'tf* + r'x + 9/ = o 
eliminate x by the method in § LXIX. 
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Solution. Here m=s 3, «= 4> ; we have . • . 
n=2* + Ax + B, n'=x* + A'x* +B'x + C" 
If these values be substituted in the equation (0) in § 

LXIX, we obtain 

(** + px * + 9 x + r) (a J + A 1 j* + B'x + C) = 
(x 4 + j/x 3 + q'x* + Jx + J) (** + Ax + B) 

If we solve this equation* and equate the coefficients of 

its two parts, we get 

B' + pJ' + q= B + p'A + j 

C + pB' H- qA f + r' = pfB + q'A + T* 

pC + qB' + rA 1 = q<B + SJ '+ • 

fC" + rB' = 7^2? + s*A 

rC - afB 
Since in these six equations there are only five unde- 
termined magnitudes A 9 B, A\ ZF, C, we can eliminate 
these, and thus we shall obtain an equation, which con- 
tains none but the unknown magnitudes p, q, r, jf 9 qf y r 1 y 
* ;/ , which consequently is the final equation sought. 

SECTION LXXII. 

Euler's second method, which is here elucidated, is at 
least quite^as diffuse, if not more so, than the first ; it is 
also q^tfe asVfree as the first, from the fault of having 
superfluous factors, which we can easily convince ourselves 
of by the actual calculation of a few easy cases. Bezout, 
in his u Theorie generate des Equations Algebriques, 
Paris, 1799," has made use of a similar method; he 
has applied it to more than two equations, and to the 
elimination of more unknown magnitudes ; he has shown* 
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Also, how we are to begin, in many cases, in order to find 
the complete final equation, without its including any 
thing superfluous. The work is, indeed, rather prolix, yet 
contains a great deal of matter, and is composed with much 
care. A revision of this work, with the application of 
the combination-analysis, would be a most useful under- 
taking'. 

From the hypothesis of the common divisor, we may also 
derive another method, which is not only much more simple, 
but also more direct, and more suited to the nature of 
equations than the preceding, inasmuch as it is founded 
on the theory of symmetrical functions. It has likewise 
this important advantage over the other one, that it 
always gives, at least for two equations and two unknown 
magnitudes, the complete final equation, without any 
thing heterogeneous* 

For this purpose, we assume again the equations I, II, 
§LiXIX. We suppose the equation I, with respect to .r, is 
already solved ; then its roots x J > a/', x J// 9 &c, are functions 
of its coefficients, and consequently also functions of y. In 
like manner we suppose the second solved ; then its roots, 
which I shall denote by a/, x // 9 x J// 9 &c. are also functions 
ofy. . If the two equations have a common divisor, then 
must at least one of the roots of the first equation be 
equal to one of the roots of the second. Put a/=x', then 
a/— x'=o is the equation fory, which must be the case 
when the two determined roots a/ 9 x 7 , are equal to one 
another. But since, equally well, every other two roots of 
both equations may be put equal to one another, we then 
obtain as many distinct equations j/—x / =o, j/— x 7/ =o, 
J/- x 777 ^...* 77 - x'=o, *" - x"=o, x" - x /77 =o ... 

i 
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^//—a/sBO, *"'— x^o, ^-x^so, &c. aft the root* 
y, j/', a"', &e. may be combined with the roots x', x" 
x 7// , &c. All these distinct equations, however, must at 
the same time be contained in the conditional or final 
equation sought, because there is no reason why it should Q 
exactly contain the one and not likewise the other; it ; 
must consequently be a product of these. The final 
equation is • • . no other than 

fix' — «')(*' -x")(*' -x'")... 
W W" - xO (*"' - x") (*"' - x"') ... 

L &c. 

The first part of this equation undergoes no change, 
however we transform the roots x\ a/', x J// 9 &c. ; it is .• . 
symmetrical in reference to x J i x J, 9 x J// 9 &c. But since it 
also suffers no change when we transform x', x" x /7/ , ftc. 
it is also symmetrical with reference to x', x", x /7/ , ftc. 
Consequently the first part of the equation (^)may always 
be expressed rationally by the coefficients of the given _ 
equations. 

I shall hereafter show how we can give the equation 
(ip) a more convenient form for calculation ; but I shall 
first explain what has been stated, by a few problems. 

SECTION LXXIII. 

Peob. From the two equations 

I. X s — Ax + B = o 

II. x 2 - A'x + B = o 

in which A 9 B 9 A' 9 B' 9 are given functions of y 9 elimi- 
nate x / by the method in the foregoing §. 
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Solution 1. The equation ($) of the foregoing §, since 
both equations are of the second degree, in this case is 

(jZ-xO (x'-x") (*"-x') (x"-x") = o 
or JT 

[^--/'(x'+x'O+x'x''] [^-/(x'+x'O+xVJs o 
or, since x 7 + x"= ^', j/j/' = i?' 

(a/* - a/ J' + J50 (*"* — *"^' + *)so 

2. If we actually perform the multiplication, we obtain 
j/V" - (*V» + x»x") A f + (*" + *"*) #' 
+ *V' J" - (^ + a") ^'J5' + J&" = o 
or since *' + x" = (l) = A> x / x // = (l 2 ) = B, 
x / x"*+x / *x"=(12)=AB, x"+x"*xi(2)=:A*—2B, 

B*-ABA'+iA*-2B) B'+BA't-AA'B'+B'^o 
and this equation is the final equation sought, which we 
should also have obtained* if we had eliminated in the 
usual way. 

SECTION LXXIV. 

Prob. From the given equations 

I. x? - Ax 2 + Bx — C a o 

II. x 2 - A'x + B' = o 
eliminate £ fay the method in § LXXII. 

Solution I. The equation (t£) § LXXII in this 
case, is 

(V - xO (*> - *") (*" - xO (*" - x") . 
(*"' - xO (*"' - x") = o 
or 
[^-^(x'+x") +XV0C*"*-*" (x'+x") + xV] 
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or, since x'+x'tszA', x / xf / =sB / 

(x»-x'A'+B / ){x f/ *~x /f A / -~B / ) 

(x /f/ *~-x"'A / +B / ) = o 

2. The actual multiplication of the three factors in the 
first part of this equation, gives 

(is^-as*)^/ + (2*) 5' + {lH)A» ~(12)J / A'+ 
(2) B* - (13) J!* + (l 2 ) A f *B f - (1) A f Bf* + B'* 

= o 
or, when for the numerical expressions their values are 
substituted from the annexed tables, 

C*-BCA'+(B*-2AC)B'+ACA /2 -(AB-3C)A'B' 
+ (A 2 — 25) B* — CA' 3 + BA li B l - AA f B°~ + B' 3 

= o 
which is the final equation sought. 

SECTION LXXV. 

Fkob. From the given equations 

I. x m - A*"- 1 + Bx*-* - Cx*-* + &c = o 

II. a? - J'aT* + Bo*-* - CiT* + &c. = o 
eliminate x 9 by the method in § LXXII. ' 

Solution 1. Since x', x", x w , &c. are the roots of the 
equation II, then 

(x-xO (tf-x") (j-x'") « 

a* - A'x*' 1 + .BV*-*— CV~* + &c. 

If in this for x we substitute a/, a/', a/", & c . successively, 
then 

(a/-x') (a/~-x") <y-x w ) &c.=^x'»- ^V*-i + & c . 
(^^xOC^-x/OC^-x^O&c^x^-^V^ +&c. 
(^-xO(a/ // ~x / 0(^ /// -x // 0&c^x / ^-^V / ^ + ^ 
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2. If these values be substituted in the equation (i^), 
§ 72, the latter is transformed into 

(x" - A'x'- 1 + .BV-* - CV- 3 + &e.)\ 
x (x"'-J'x"'- 1 +B / x"-*-C'x"~ i +&c.)\_ 
x (x"*-A'x // '- 1 +B'x"'—-Cx"'- 3 +&c.) ~ 
X &c 

The first part of this equation is no other than the pro- 
duct of all the expressions, which arise from substituting 
in the equation II for x all the roots x / 9 a/', x f/ \ &c. 
successively of the equation I. 

* 

3. But we immediately see, that the above product . J / ' — r 
undergoes no change by any tjeiuluiinaliun of the roots . t r 
x / 9 x" 9 x J// , &c. as in a trsnifnrmntion of this kind one J" ^ Cl . - - £'«--• 
factor is merely changed into another. The first part of 

the equation is .*. necessarily a symmetrical function of 
the above roots, which consequently may always be 
emitted according to known rules. In this way we 
obtain an equation, which no longer contains x, and 
which .*. is the final equation sought. From the opera- 
tion itself, it follows besides, that it is complete, and 
contains nothing extraneous. 

Remark. The problem from two given equations with 
two unknown magnitudes to eliminate one of these magni- 
tudes, is consequently now solved in its most general form* 
The actual calculation involves many difficulties, and 
amongst these chiefly are the solution of the product in the 
first part of the equation in 2, and its reduction to 
numerical expressions. How these difficulties may be 
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removed by means of combinations, will be shown in the 
following §. 

SECTION LXXVI. 

Prob, Represent directly the result of the elimination 
of x from the two equations I and II of the foregoing §, 
fully solved. 

Solution 1. To the equation II of the foregoing §, 
we can always, by dividing by its last term, give the 
following form : 

l+(l)x+(2>*+(3> 8 + + (n)^=o 

in which the coefficients (1), (2), (3), ...... (*) denote 

given functions of y. This notation was chosen merely 
in order to facilitate the application of the combination- 
operations, and to make the law of the terms more 
evident. In order further to show, that two or more 
such coefficients are to be multiplied together, I shall 
merely put the numbers representing this operation in 
brackets near each other, and in these make use of 
repeating exponents. Thus .'. (123), (2456), (l 3 ^ 2 ), 
the first of these denotes the product of the coefficients 
(1), (2), (3) ; the second, the product of the coefficients 
(2), (4), (5), (6), and the third, the product of the 
third power of the coefficient (l) and the second power 
of the coefficient (2). 

£. Put, as was done: in the foregoing §, j/, x" 9 a/" 9 &x% 
successively for x 9 consequently the first part of the 
equation in 2 of that §, has the following form : 
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[1 +(l)j/ + (2)*" + (3)*" + (4)*" + (5) x" +&c.] 
X [1 + (lK+{«)i"« + (3)*"*+(4)* M + (5)*" s +&c.] 
x [1 +(l)a/ // +(«)it /// »+(3y / '»+(4y // H(5y // «+&c.] 

Ac. 
The number of {acton here is equal to (be degree of the 
equation I, . • . = m. 

3. First take die product of the two first factors, we 
then obtain 

1 + (l)G/+* / 0+(*)+(^+*"*)+(3X* /s +*' /s ) 

+ (1*) (zV) + (1SX*V* + i**") 

+ (4) (««+«"«) + (5) (aP+xf) + Ac. 

+ (13) (*V»+*'V) + (14) W*+W) 
+ (2») (*"*"») + (23) (« / »i //3 +« /8 a/ / ») 

4. Hence, if the equation I were of the second degree 
only, then this product must be represented by numerical 
expressions, as follow : 

1+ (1)[1]+ W [«] + W 13] + (4) [4] + (5)[5]+&c. 
+ (l J )[l e ]+(l2)[l2]+(13)[l3](+(i4)[l4] 

+ (2*) [2*] + (28)[23] 

6. Now if we multiply the product in 3 by the third 
factor in 2, we then obtain, when the terms are pro- 
perly arranged, the product 

l+(lXz'+*"+*"0+(2X* / *+*' / *+ a;///, ) 

+(1») (*V + *V" + *"*"') 

/a/x"* + afafi + afsf m + \ 
+ ( li \x*x"' +a/'x»*+x" t x"'] 
+ (I s ) (*W') 



138 

+. (4) (x /A + x' /A + x" /A ) 

x/x''* +a/ 3 x" + x / x" /3 + 



+ 



( + + + ^ 



+ (2 2 )(^V /2 +^V //8 +a //2 ^r ///2 ) 

+ (1*2) (iW^+^V+^V^)- 

+ '(5)(« /, +a/' , +« // ' 8 ) 

/a/j/'MVV'+jrV'tf+v 

+ (* 3 ' \W* + x"*x/ r/z + a/' V //2 / 

+ (l»8)(j/o/V / «+j^j/'V // +a/ 8 j /y j/ // ) 

+ (1 2 2 ) (aV' V //2 + Wat'* + ^V 7 VO 

&c. 

6. If .•. the equation I be only of the third degree, 

then the product in 2 may be represented as follows : 

1+(1)[1]+ (2) [2] + (3) [3] + (4) [4] +(5)[5]+&c 

+ (1 2 )[1 2 ] + (12)[I2]+(13)[13]+ (14) [14] 

+ 3 ) [l 8 ] + (2 2 ) [2 2 ] + (23) [23] 

+ (1 2 2)[1 2 2] + (123)[1«3] 

* +.(12 2 )[12 2 ] 

« 

T. It is not necessary to continue the multiplication 
further, as we may very easily perceive the law from the 
products already found. Thus we see, immediately, that 
the figures in the parentheses and brackets are always the 
same, and compounded in the same way. The 
included numerical expressions merely denote this, 
that they are all the possible numerical divisors for 
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tjie numbers 1, 2, 3, 4, mn. I say all the possible 

numerical divisions; because some vanish, as. for ex- 
ample, in the products in 4 and 6 ; this merely proceeds 
front this, that the numerical expressions for such 
divisions in the assumed degree of the equation I, are 
:not possible, because more roots are required for their 
formation than this equation can possibly have. Gene- 
rally, when we have to do with particular equations, all 
those divisions vanish, for which either the numerical 
expressions, or the products of the coefficients do not 
obtain. 

8. How all the possible divisions of the numbers may 
be easily found, without the chance of omitting one, may 
be seen by the combination-analysis. In order . a . to 
find the elimination of a: from the two equations, 

I. #»_ Jar- 1 + Bx m ~* + Cr*- 3 4- &c. = 

II. l+(l)a? + (2> a +(S)j? 3 +..-+(»K=0 
we must observe the following rules : 

(a) Analyse the numbers 1, 2, 3, 4, mn in all 

possible ways. 

(b) From every such analysis agy 8 ... make a term 
of the form («/3y8...). [«/3y8...]. 

(c) Then, if the sum of all these terras is repre- 
sented by S, consequently 

1 + 5 = 

i$ the final equation sought. 
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9. All the numerical expressions relate to the equation 
I, and may partly be taken from the annexed tables, and 
partly may be calculated by the methods given in the 
two first sections. Nothing now remains but to elucidate 
this operation by a few examples. 

SECTION LXXV1I. 

.Example 1. Find the result of the elimination of x 

' * * 

from the two equations 

I. x* — Ax + B = 

II. Six 5 + fcr 4 + €x* + D** + ec + JF = 0. 
First give the equation II the form 1 + (l)x + (£)x*+ 

(3) x 3 + (4) a? 4 + (5)# 5 ; consequently put (l) = -y, 

( 2 ) ~ J> (*) = f , (4) = |, (5) = |. Since the 

equation I is here only of the second degree, the 
divisions need not be continued further than the second 
class, because the numerical expressions for higher classes 
do not obtain (§ LXXVJ, VII). The final equation 
. * . has the following form : 

0=l + (l)[l] + ( 2 )[2] +(3) [3] + (4) [4] + (5) [5] 

+(1 2 )L1 S 1 + (12)[12]+(13)[1S] + (14)[14] 

+ (2*)[2 8 ]+(23)[2S] 
+ (15)[15]+ (25)[25] + (35)[35] + (45)[45] + (5»)[5»] 
+ (24) [24] + (34)[34] + (4*) [4 s ] 
+ (3»)[3»] 

Or, when we take the numerical expressions from the 
tables, for the numbers (1), (2), (3), (4), (5), substitute 
iheir values, and then multiply the whole equation by JP, 
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b*JF* + «« + £>f{A*-2B) + €f{A % -3AB) 

+ &B + T&AB 

+*JF(.4 4 -4J 2 J?+25 2 ) + ajf(J*-5J 3 B + 5JJF) 
+€€(^5-2^) + ®G(J 3 B-3JB*) . 

+ D 2 J? 2 + «D4^ 

+ae(^ 4 5-4J 2 J B 2 +2B 3 ) + aDC^ 3 ^ 2 - sab*) 

+WD(^ 2 jB 2 -2J5 3 ) + fcdS 8 

-f€ 2 J? 3 

+ acc^ 2 ^- 2J?*)+«b js* + a 2 B fi 

+ #*»* 

Example II. Let the two equations 

I. a* - Ax* + Bx - C = 

II. a* 3 + 7&c 2 + Cr + D = 
be given. 

If we reduce the equation II to the form .1 + (l)r 

+ (2> 2 + (S)* 3 ; then (1) = * (2) = ? f (3) = g 

Since in this case the equation I is of the third degree, 
we do not require to continue the divisions beyond the 
third class. The final equation . •. has the form 

0=1 +(1>[1]+ (2)[2]+(3)[3] + (l3Xl3]+(23)[23] 
+ (l 2 )[l 2 ]+(l2)[l2] + (2 2 )[2 2 ] + (l 2 3)[l 2 3] 
+ (l 3 )[l a ] + (l 2 2)[l 2 2]+(l2 2 )[l2 2 ] 
+ (3 2 ) [3 2 ] +(l3 2 )[l3 2 ]+(23 2 )[23 2 ] + (3 3 )[3 3 ] 
+ (123)[123] + (2 2 3)[2 2 3] 
+ (2 3 ) [2 3 ] 
or, when we substitute for the numerical expressions and 
for the numbers (1), (2), (3), their values, and then 
multiply by D 3 
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0=&+€D*A+VV%A*-2B)+*t>*{A i -3AB + sC) 

+€*DB +*€£> (AB-sC) 

+&€T>(A*B-2B i -ACy+!lVD(JB*-2A*C-BC) 

JffS^AC +W-€BC 

+MD(B 3 -SABC+8C*) +a*«(B*C-2^C«) 

+a*»5C 2 +a , c 3 

In order to show the use of this formula in a particular 
case, I shall assume that the two equations 

a? 3 — 2ax 2 + 4ayx — y*=0 
ax 3 +y*x—at/ i = 
are given. If we equate these with the equations I, II, 
we find ^=2a, B=4ay, C=y,«=0,TB =o, C=y s , 
J)=— ay*. Since here 3=0, the foregoing equation is 
reduced to 

+*$*& (S 2 -24C) + » 2 CBC + fc 3 e* 

and this Equation obtains for every case, in which one of 
the given equations is of the thitt), and the; other of the 
second degree. If in these we make the requisite sub- 
stitutions, we obtain the required final equation 

y* + ay + 6aY - 12ay — 12a 6 # 4 == 

w 

J/ 5 + ay + 6ay — 12afy — 12a 6 =s 0. 
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SECTION LXXVIII. 

The method to find the final equation by means of the 
symmetrical functions, originated with Euler, who first 
made use of it in the Memoirs of the Berlin Academy for 
the year 1748, and applied it to a few easy examples. 
A short time after this, Cramer, in the second Appendix 
to his " Introduction & T Analyse des Lignes Courbes,"p. 
660, &c. 1750, by a suitable method of notation (which 
I have partly adopted), made it more general, and the 
operation more easy. Both these great men chiefly en- 
deavoured to prove by it, that two lines, one of which is 
of the mth, the other of the nth order, can be cut in 
no more than mn points. The proof of this does not 
belong to this work, but to the higher branches of geo- 
metry. It is quite enough to know, that this solely de- 
pends on the following rule, and is an easy and imme- 
diate consequence of it.- 

SECTION LXXIX. 

Rule. When in the two equations 
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I. x» + Ax™- 1 + Ax*~ % + Ax"' 3 + +A=o 

II. ^+^ 1/ x"- 1 + ^ / ^" 2 + A'xr z +...... + A=o 

12 3 

between two magnitudes x 9 y, the coefficients A, A 9 A, 

. . . A , A^A^A'.. .A' 9 are mm|y whole rational functions of Cc c ^ 

11 « 2 

y 9 and that A and A / are of the first degree, A and A f oi 

3 3 

the second, A and A' of the third, and so on ; then the 

final equation in y 9 which arises from the elimination of 

x, can never exceed the degree row. 



4 
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Proof 1. Let xf, xf' 9 x n \ Ac. be the roots of die 

i l a 

equation I, then is— [l] = i<, [2]=^— 9>A t — [S]= 

I 1 • 3 

i y ^i 3 — 3^^f-f3u4, and so on; from which we see, that [1] 

Lt^i^ contains no p$3k power oty than y\ [i] no higher one 

than jp f [3] no higher one than y 3 ; and it may also be 

satisfactorily proved with little trouble, from the nature of 

the formula^ § VIII, that in the supposed nature of the 

ooefflcncs J, i, *c ,b, numerical e^p^s^ («) g«e. 
rally contains no higher power of y than y. 

% Further, no expression of the form (a/SyS ... ) can 
contain any higher power of y> thany a+ ^ +rfd .... The 
accuracy of this assertion appears from 1, together with 
the remark in § XXIV. 

3. From § LXXV the first part of the final equation 
(the other =0) is the product of the m factors 

if +A'x/*~ X + + Jf&" + + J 

x"*+A'x"*~ l + +3fc"» + + A 

x"*+A'x"'- 1 + + ^V"*+ + 2* 

Ac. 

after we have eliminated in it the roots x\ x" 9 x J// > &c. by 
means of the coefficients of the equation L 

4. The general term of this product is 

A' A' A', ftc. j/m x/''x"'' 
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Now, since the product must be a symmetrical function of 
a/, # /y , rf", &c. this term necessarily belongs to 

n — yt, n — v n — w 

A' A f A' &c \jivw. ] 

5. Butby 2, the highest exponent of y inj/ivrr...] is equal 
to the sum of the radical exponents p + v + tr -f . . . ; further, 
by the hypothesis, w— \l is the highest exponent of y in 

-4', n— v the highest in A' 9 n— tt the highest in A' 9 &c. 
.•i mn—Qi + v + w + &c.) the highest in the product 

«^' ^ ^' &c. But from both it follows, that win is 

the highest exponent of y in the term A / A* A f &c. 
[fivTr ... ], and that consequently in this term there can 
be no higher power of y than y* 
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6. Now, since what has been here proved of an indeter- 
minate term, obtains for every term in particular, it follows 
. * . that in the final equation there can be no higher power 
of y than y^*. 

SECTION LXXX. 

When more than, two equations with more than two 
unknown magnitudes are given, then in general there is 
no other way but to combine these equations in the usual 
way, two and two, and thus get rid of one unknown mag- 
nitude after the other. But Bezout observes, with truth, 
in the above-mentioned work, that this method is very 
defective, because a number of useless factors enters into 
the successive eliminations, by which not only the opera- 
tion is lengthened, but likewise the degree of the final 

u 
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equation becomes much higher than it ought to be, and 
what is much more objectionable is, that these factor* 
do not show themselves till the calculation is completed. 
Since, however, these difficulties can be got rid of even by 
Bezout's method in no other way than by considering a 
great number of single cases, (but neither the object nor 
the limits of this work allow of such a detail as this), I 
shall consequently not enter into these inquiries at pre- 
sent, but leave them for consideration till a future period. 
Tschirnhausen, fc in the " Acta Eruditorum," for the 
year 1685, has given a method for solving those equations 
which are founded solely on eliminations. This method 
only requires to transform the given equation, by means 
of an assumed auxiliary one, into another, which contains 
any number of indeterminate magnitudes, by the proper 
determination of which it is possible to remove as many 
terms as we please, and by that means give it the form of 
an equation of two terms, of a quadratic, of a cubic, or of 
any other equation, whose solution is already known, or 
may be considered as known. Its inventor considered it 
as general, and so it is indeed ; only its application often 
requires the solution of higher equations than the given 
one itself. The following problems will elucidate what 
has been just said. 

SECTION LXXXI. 

Piiob. Let the two equations 

I. x m +ax^ l + bx»^+a! n ~ 3 +&c. = o 
II- y+ A+ Bx+ Cz? + Da? + &c. = o 

be given, in which the coefficients a> b, c, &c. J 9 B 9 C, &c. 
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contain neither x nor y : determine the degree of the 
final equation, which is obtained by the elimination of x, 
in terms of y. 

Solution. Let a/, x // 9 x /// 9 &c be the roots of the equa- 
tion I ; then, according to § LXXV, the first part of 
the final equation (the other = o) is the product of the 
following m factors : 

y + A + Bx / + Cx/ 2 + Dx /3 + &c. 
y -f A + Bx» + Cx" 2 + D*" 3 + &c. 
y + A + Bx" f + Cx"' 2 + Da/" 3 + &c. 

&c. 

Now, since in these factors y occurs in no other term but 
the first, consequently in the product there can be no 
higher power of y than y w . The equation in terms of y 
is . " . necessarily of the mth degree, and consequently 
always of the same degree as the equatioa I, of which 
degree besides the equation II may also be. 



Corollary. If . • . an equation 

oT + ax?— 1 + ox"* 2 + cx 1 — 3 + &c. = o 

be given, we can transform it into another of the same 
degree in numberless ways. For this purpose, we only 
need assume any auxiliary equation of the form 

y + A + Bx + Cx* + Dx 3 + &c. 

and eliminate x from both equations. Now, since both 
the degree and the coefficients of the auxiliary equation 
are undetermined, we can always determine both, in the 
way required, by the form which we have determined on 
giving to the transformed equation. Thus, if we wish to 
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reduce the equation of the second degree x* -f or + ft=o 
to the fonny-f JT=o, we assume the auxiliary equation 
y+A+xz=o. By eliminating x from this and the given 
equation, we gety + (2 A — a)y + ^4 2 — a-4 + 6 = 0. 
Now, since the second term vanishes, we have 2ii— a=o, 
and ii = £ a ; and by this value of A> the auxiliary 
equation is transformed into y + £ a + # = o, and the 
transformed one into ^ — \ a 2 -f i = o. The last gives 
y = + a/ (£ a 9 — &), and if this value be substituted 
in the first, we then obtain x = — | a + \/ (£a 2 — 6), as 
required. 

SECTION LXXXII. 

Peob. Reduce the general equation of the third degree 
afi + axP + bx + c^o 

to an equation of the form y 3 + K = o. 

Solution 1. Since the transformed equation is to have 
the form y? + K == o, in which the second and third 
term vanish, we must then assume an auxiliary equation 
with two indeterminate coefficients, in order, after having 
performed the elimination* to determine this one, in such 
a way as this condition requires. Let . * . 

y+A + Bx + x*=:o 

be this auxiliary equation. 

2. Now, in order to eliminate x from the two equations 

I. x 3 + ax 2 -f bx + c = o 

II. y + A + Bx + x* = o 
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equate these with the equations I, II, in the second 

example, § LXXVII. This gives A=. — a, B=6, ./ /<r^ 

C= -c, / = o,^= !,/=*, /*=,,,+ A.J%"?„ ,.:* 

Consequently the final equation in the above § is trans- / 

formed into the following : 

(y +*;i) 3 ~(aB-<e + 26) (y + A? + 
(6.B* + (8c - ab) B + 6* -2ac) (y + 4) - c B 3 + acB*-bcB 

+ <? = 

3. If in this equation we solve the powers of y + A, 
we then obtain an equation of the form 

tf + Hy* + Iy+IT = o 
and 

H = SA - aB + a 2 - 26 

/ = Si 9 - 2.1 (aB — a 9 + 26) + 6B 2 

+ (3c — ab) B + 6* — 2ac 
jBT = A 3 - aA 2 B +bAB* — cB 3 + (a 2 - 26) A 2 + 

(3c-a6) AB + acJ3 2 + (6 2 -2ac) A-bcB + c 2 

4. If we wish to reduce this equation to j/ 3 + iT= o, 
we must put if and / ~ o ; this gives the two equations 

3-4 — aB 4- a 2 — 26 = o 

3A* — 9. A (aB - a 2 + 26) + 6B* + (3c - ab) B 

+ 6* — 2ac = o 

Since the first of these equations is of the first, and the 
second of the second degree, in reference to A and B, we 
consequently can find these coefficients by the solution 
of an equation of the second degree, and the substitution of 



150 

these values in the expression for K gives JT, and at the 
same time the reduced equation^ + K = o. 

Corollary. Having found the reduced equation, we are 
also enabled to find the roots of the given equation. 
Thus, from j/ 3 -f K = o, we obtain, when V> a, £, denote 

3 3 

the cube roots of unity, y=— */ K 9 y = — a *s/ K 9 

3 

y = — p a/ K. If these values of y 9 together with 
those of J and jB, be substituted in the auxiliary equa- 
tion, we then obtain the required value of x by the 
solution of equations of the second degree. 

• 

Remark. Since the values of A and B depend oh 
equations of the second degree, strictly speaking, we 
get 2x2 corresponding values of these magnitudes. 
Now, since every two corresponding values may be com- 
bined with each of the three values of y 9 these substitutions 
give six different equations of the second degree. Every 
one of these gives two values of x 9 and consequently 
we obtain generally twelve values of x 9 although the given 
equation can have no more than three roots. 

We must, however, keep in mind, that only those 
values of x may be assumed, which verify at the same time 
the two equations I, II. In order to find these values, 
we need only . • . seek the common divisor of x 3 -f- ax 3 + bx + c 
and x a + Bx + A + y in the usual way. The division 
of the first expression by the second, gives the quotient 
x + a — B 9 and the remainder 

(B 2 - afl + b - A — y) x + (B - a) (A + y)+c. 
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This remainder must vanish. We have consequently 

(J3* - aB + b - A - y) x + (5-a) (4+y)+c=o 
and hence we obtain 

?~""" B*~-aB + b-A-y 
If in this equation we substitute for -i, JB, their values 
from the equations in 4, also for y its three values succes- 

3 3 3 

sively, — vMT,— k»JK,— 0VX, we obtain three values of 
x 9 which are the roots of the given equation. Moreover, 
it matters not, in this case, which we use of the corres- 
ponding values of A and 2?, because they always give the 
same values of x ; of which we can easily persuade our- 
selves by actual calculation. 

SECTION LXXXJI. . 

Pbob. Transform the general equation of the fourth 
degree 

a 4 + cur 3 + bx* H- ex + d = o 
into another of the fotmj^+Hj^+JT^o. 

Solution 1. Since the transformed equation is to have 
the form y 4 + 5^ + ^=0, in which two terms vanish, 
viz. the second and fourth, we must consequently assume 
an auxiliary equation, with two arbitrary magnitudes. 
Let . • . 

y + J + Bx + x* = o 
be this auxiliary equation. 

2. In order from 

I. y+A + Bx + x* = o 

II. y + or 3 + bx* + ex + d = o 
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to eHftiinate x 9 it is only necessary to compare these 

equations with those of the first example in § LXXVII ; 

/</ f*< y s+faw* then find ^=0, ^'=1, ^'=a f ^=6, $J-c 9 

t v =d J A~ — B, B=zy+A. If we make these substi- 
tutions in the final equation in the above mentioned §, 
it is by these means transformed into an equation of the 
form 

and then * 

P = — aB + a* — 2i 

Q = bB* + (Sc-ab) B + P — 2ac+ 2d 

JR= -cB*+ (ac-*d)B* + (3ad — bc)B 

+ c 2 -2M 
S = dB A - adB z + MB* -- cdJ3 + <P 

S. If we arrange this equation according to y, we 
obtain 

y + (4^ + /^y -f (6^ 8 + SPA + Q)^ 
+ (4^ 3 + SPA 2 + 2Q4 + R)y 
+ A A + PA*+ QA* + RA + S = o 

in which any two terms may be eliminated at pleasure, by 
merely determining the letters A, B 9 conformably to it. 

4. Now, in order, as the problem requires, to eliminate 
the second and fourth terms, we put 

4,A + Pr=0 

44 3 + SPA 2 + %QA + R = o 

p 

5. The first gives Ass — -> and if we introduce this 
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value into the other equation, by omitting the fractions, 
we have 

p B - 4>PQ + 8R = o 

If in this equation we make use of the above values of 
P 9 Q 9 R 9 we then obtain for B an equation of the third 
degree, viz. 

(4et&— a3-8c)B 3 + (3a 4 — 14a 2 & -f 20ac + 84* — 32i) 13* 
+ (— 3a 5 + l6a 3 i- l6ab*-20a 2 c + S2ad + l6be}B 
+ a? — 6a?b + 8a?c-~ 8 a*d -f 8a 2 © 2 - l6abc + 8c* 

= o 

Having determined B from this equation, we need only 
substitute its value in the above expressions for P 9 Q, R 9 ' 
S 9 in order to find these coefficients also. 

P 

6. Further, the equation in S, by putting for A is 

transformed into 

^-c-r-^^-siff + Tr- — + *-° 

PQ P 3 
or, when we substitute for R its values — ~ into 

2 8 

^-(^-^+—-—4-^=0; 

and this equation has the form %f + Htf + K = o, as 
required. 

Corollary. Now from this transformed equation we 

. ®ay find the roots of the equation x* + as 5 + fcr 9 + or -f rf= o 

in a similar way as in the foregoing § for the equation of 

the third degree. Thus, since the equation in 5 gives 
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three values for B, and the substitution of each of these 
values in the transformed equation gives four values of _y, 
we • * . obtain generally twelve values for y. Each of these 
values of y, together with that of B when substituted in 
the. auxiliary equation x? + Bx + A +^ = 0, or x 2 + 

P 

Bx +^=0, gives two values for x 9 and we . • . obtain 

4 

generally twenty-four values of x. Now, in order to learn 

which of these values are at the same time roots of the 

given equation, we must seek the common divisors of 

the two expressions x A + ax 3 + bx 2 + ex -f- d, x 2 4- 

Bx \- y. With this view, we divide the first expres- 

sion by the last, until we come to a remainder, which 
contains x in the first power only ; this remainder must 
. • . be = o. In this way we obtain the equation 

[B*-aB* + bB~c~ (a-2B) {y-L)]x 

4 

+ (B» -aB + b) (y-5 - (y - £)• -d = o 

4 4 

and hence 

d - (B» — aB + b) (y - ?) + - £)« 

* 4 

J_P_ aB* + 6JB -c - (a - 2B) (•- -) 

4 

Now, if we substitute in this expression of x for y its four 
values from the transformed equation, we thus obtain the 
roots of the given equation, and indeed we shall always 
find the same four values for x> whichever value of B 
we make use of. 
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Remaek. From this and the two foregoing sections 
we deduce at least this much, that Tschirnhausen's 
method leads to the actual solution of equations of the 
second, third, and fourth degree, although in a very 
laborious way. Whether, and how far this method is 
also applicable to higher degrees, will be the subject of 
inquiry hereafter. 
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V. — On the roots of the equation^— l=o, and 

ITS APPLICATION TO THE ELIMINATION OF SUEDS 
FEOM EQUATIONS. A METHOD, BY WHICH TO FIND 
SOLVABLE EQUATIONS, AND SOME OTHEE SUBJECTS 
CONNECTED WITH IT. 

SECTION LXXXIV. 

Peob. Find an equation, which merely contains the 
imaginary roots of the equation «r"—l =o. 

r 

Solution. Here two cases must be taken into considera- 
tion, viz. first, when n is an odd ; secondly, when n is an 
even number. 

1. Let n be an odd number. In this case there is no 
more than one real root, viz. -f 1, and consequently x— 1 
must be a divisor of z* — 1 . If . • . we divide the equation 
af—1 =o by x—l 9 and make the quotient =o, we obtain 
an equation which only contains the imaginary roots, and 
this is / 

* 

af- 1 + xT* + a"" 3 + + a* + x + l=o 

2. Let n be an even number, . * . the given equation is of 
the form ar cm — 1 =0. In this case it has necessarily two 
real roots, viz. + 1 and — 1, and no more. Conse- 
quently both x — 1 and x + 1 must be divisors of j^" 1 . 
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.'. also the product (#— 1) (x+ l)=sof — 1. If r. we 
divide the equation x"— l=o by x 2 — 1, we thus obtain 
an equation, which only contains the imaginary roots, and 
this is 

x— 2 + x*" 4 + x"- 6 + ... + x 4 + x* + 1 = o 

Corollary. In order . • . to find all the roots of the 
equation x"— I=o, we must, when n is an odd number, 
endeavour to solve the equation x*" 1 + **~* + ... + x + 
l=o, and when n is an even number, the equation 
x*-*+x*- 4 + ... +x*+ 1 =o. The latter, because it only 
contains, even powers of x 9 may always be reduced to an 

equation of the degree — by substituting^ fox x 2 . 

Example I. The equation x 3 — 1 =o divided by x— 1, 
gives 

x 2 + x + 1 = o 

* 

and when solved, x = "*" ■ =" — ^- . The three roots of 

2 

this equation are consequently 

h , . _ 

Example II. The equation x 4 — 1 = divided by 
x 2 — 1, gives 

x 2 + 1 s= 

whence we obtain x= ± V— 1. The four roots of the 
equation a 4 — 1=0 are consequently 

+ 1, -1, + V— 1, - V-l 
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Example III. The equation a 5 — l=o divided by 
x— 1, gives 

X 4 + X 3 + x z + x + 1 = 0. 

This equation may be analyzed into two quadratic equa- 
tions 

J* + (i + i\/5)a: + l=o 

* 2 + (£-£*/ 5) * + l = o 
and the solution of these two equations gives the four 
following imaginary robots : 

i[ — 1- */5 + ^(10— 2*/5) V - 1] 
H— 1—\/5— \/(10-2\/5) */ — 1] 
i[-l+\/5+ ^(10 + 2^5)^-1] 
j[-l+V5^ */(10 + 2v'5) V- 1] 

Example IV. The equation **-l=o divided by 
**— 1, gives 

x* + ,r 2 + 1 = o 
and the solution of this equation gives 

, ^ /-i±y-3 
*=±v — 5 — 

The six roots of the equation a? 6 — 1 = o are 

+ 1 — 1 



SECTION LXXXV. 

Pkob. Reduce the equation # B — Ar=o to an equation 
of the form y*— l=o. 
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Solution. Futx=y\/k, and substitute this value in 
the equation a*— fc=o, then this equation is transformed 
into Ay— ]fc=o, or when divided by k 9 intoy — l=o. 

• 

Corollary. If .•. we have in any way already solved 
the equation y— l=o, and denote by 1, o, ft y 9 S, c, &c. 
its n roots, or the value of y 9 we then obtain from 

n 

x=sy\/k the n following roots of the equation ar"— Ar=o : 

n n it n n n 

Vk, a *Jk 9 @Vk, y *Jk 9 8 \Z&, c \/k 9 &c. 

SECTION LXXXVI. 

Prob. Reduce the equation x M — 1 =o to an equation 
of the form y — 1 = o. 

Solution. Put x*=zy 9 then # w =y. If this value be 
substituted in the given equation, it is transformed into 
y~l=o. 

Corollary. If we denote the roots of the equation 
a?— l=o by 1, a 9 ft y 9 S 9 c, &c, then the roots of the 

equation x*—y=o (foregoing §) are 

P p P p p p 

vy, avy, P^y, yVy 3 oVy 9 eVy, &c. 
Now, since we can substitute for y each of the roots of 
the equation y— l=o, we obtain by these substitutions 
all the pq roots, of the equation a:* 7 — 1 =o. 



Example. To find the roots of the equation j 12 — l=o, 
put j?=4, />=3. We consequently have the two equa- 
tions 
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or 4 — y = o, y* — 1 = o. 

Now,, the roots of the equation ar 4 — l = o (§ LXXXIV, 
example II) are + 1, — 1, + *J — 1, — *J — 1, .• • 
the roots of the equation x 4 — y=o (foregoing §). 

4 4 4 4 

V,y, — \/y, + \/ — l . \Z#, — V — l . \/y. 
Further, the roots of the equation y 3 — 1 =o (§ LXXXIV, 
example I). 

— 1 + V — 3 — 1 — V — 3 

If we successively substitute these values fory, we obtain 
the twelve following roots of the equation x u — 1 =o : 

4-l+V-3_ 4-1+^-3' f _ y 4-1+ V-3 /t 4-1+V-3 
4 - j _ 






4-1- V-3 4-1- V-3 4-W-3 , , 4-W-3 



2 



SECTION LXXXVII. 



Peob. Under the supposition that n is a prime num- 
ber, from any one of the imaginary roots of the equation 
#"—l=o, find all the remaining ones. 

Solution 1. Let a denote one of the imaginary, roots 
of the equation x n — 1 = o, so that a* — J = o, or 



a = 1.. 



2. Since a* = 1, then also (a w ) " = (a n ) "al, If 
•. a is a root of the equation <r" — 1 = o, then must also 
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a m be one of its roots. Therefore the equation jc"— - 1 a=o 
has, besides a« the roots a 2 , a 3 , a 4 , a 5 , &c. 

3. But since in this way we should find an infinite number 
of roots, and the equation x* — 1 = o can only have n 
roots, we may safely presume, that in the series of powers 
a, a 2 , a 3 , a 4 , a 5 , &c. there must be an infinite number of 
equal roots. This likewise is really the case: for we 
find a n+1 =za n .a = a, a n+ * = a" . a 2 = a 2 , o" +3 = a" • 
a 3 = a 3 , &c. 

4. Generally, when we exceed the nth power, we shall 
find only one of the n following roots 

a, a 2 , a 3 , a 4 , a fi , a"" 1 , a" 

of which the last = 1 . For let a m be any power of a, 
and m > n. Further, let q denote the quotient, which 
we obtain after dividing m by », and r the remainder, 
consequently r < n; then m = nq + r. We have .-. 
a m = a^ r = a"* . a r = (a")* . a r = 1* . a r = o r . But 
a r , since r < n, is necessarily one of the powers a, a 2 , 

» « y • ••• a • 

5. The conclusions drawn hitherto obtain, whether n 
be a prime number or not. In the particular case, when 
* is a prime number, according to the supposition in the* 

problem, it may be proved, that the roots a, a 2 , a 3 , a", 

are all different from one another. For we suppose two 
of these roots a u , a v , to be equal, and v > /u. Then we 
divide the equation a" = a^ by a* 1 , and obtain aT* = 1 ; 
hut it may be shown, as follows, that this equatiori is 
impossible. 

Y 



162 

6. Thus, since n is a prime number, and v — /u < n, 
the. numbers v — fi and n are •*. prime to one another. 
Consequently, as is already known from indeterminate 
analysis, two whole positive numbers t 9 u, may always be 
found, such that (v — fi) t = n« + 1. If . • . aT* al, 
then also must « r '~'* ) ' = 1, and consequently also 
a m+l = 1, or a w . a = 1, or a = 1 ; which is impossible 

a). 

?. Since .'. the roots a, a 2 , a 3 , a 4 , a", as far as 

the number n, are all different from one another, then 
these are the n roots of the equation tf — 1 = o. If .• . 
an imaginary root a be given, we then have likewise all 
the remaining ones. 

Corollary. If .* . we denote the imaginary roots of the 
equation x" — 1 = o by a, & y, 8, &a, then, when n is 
a prime number, all the roots of this equation may be 
represented in one or other of the following ways : 

either by a, a 2 , a 3 a"" 1 , a* 

or by 0, /S 8 , /S 3 (T\ /3" 

or by 7 , y 2 , 7 3 y- 1 , y* 

&c. 

or, which is the same, we can substitute in the series of 

roots a, a 2 , a 3 , a*" 1 , a% for a each imaginary root 

a 2 , a 3 , a 4 a"" 1 , and then we shall always obtain the 

same n roots. 

Example. When n = 3, the roots are a, a 2 , a 3 . If 
for the root a, we substitute the following one a 2 , we 
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obtain a 2 , a 4 , a 6 . But since a 3 = 1, then a 4 = a, and 
a 6 = a 3 , and we have . * . here a 2 , a, a 3 , as before. When 
n = 5, the roots are a, a 2 , a 3 , a 4 , a 5 . If we put a 2 for a, 
then, on the contrary, we have a 2 , a 4 , a 6 , to 8 , a 10 , or, since 
o 3 =sl, a 2 , a 4 , a, a 3 , a 5 ; consequently the same roots as 
before. In like manner, when a 3 is put for a, we find 
a 3 , a 6 , a 9 , a 12 , a w , or a 3 , a, a 4 , a*, a 5 , and when a 4 is put 
for a, a 4 , a 8 , a 12 , a 16 , a 30 , or a 4 , a 3 , a 2 , a, a 5 ; consequently 
always the same roots, only in a different order. 

SECTION LXXXVIII. 

Rules. 

I. When n is divisible by wi, then all the roots of the 
equation x m — : 1 = o, must also be roots of the equation 
#" — 1 = o. 

Proof. Since n is divisible by ro, then — = a is a whole 

m 

number, and n = ^m. The equation x* — 1 = o is 

consequently #** — 1 = o, and if we put x m =y 9 

y — 1 = o. Now, y q — 1 = o is divisible by y — 1 ; 

consequently also, if again x m is put for y> x 9 " — 1 is 

divisible by x m — 1 ; . • . the roots of the equation 

x" — 1 = o are also roots of the equation x qa -r 1 = o, 

or x 9 — 1 = o. Q. E. D. 

V 

II. When a root (unity excepted) of the equation 
a*— 1 =o, which is also a root of the equation x m — 1 =o, 
is of a low degree, and that of the very lowest possible, 
then n must be divisible by m. 
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Proof. Let a be the common root, consequently 
a" — 1 = o, and a" — 1 = o. Nov?, if n be not divisible 
by wi, then n divided by m gives the quotient q and the 
remainder r, so that n = ^m -f r , and r < wi. Then 
a" = a qm+r = a*" . a r . But a 8 =1, a«* = (a m )< = 1 ; 
. • . 1 = a r ; consequently a is also a root of the equation 
jf — 1 = o, which is contrary to the hypothesis,' that 
x" — 1 = o is the lowest equation, which contains the 
root a* 

III. When m, n are two numbers, which have no 
common measure, then the equations x~ — 1 = o, 
x" — 1 = o have no common root, except unity. 

Proof. If possible^ let the two equations have a common 
root a, different from unity, then, at the same time, a m = 1 
and a"= 1 . Since m and n are prime to each other, we can 
always find two whole positive numbers, t, u> such, that 
mt = nu + 1. We have then the equation a**=a wH " 1 = 
a m . a. But according to the hypothesis a m = a" = 1, 
consequently a** = a m : . • . 1 = a ; which is contrary to 
the hypothesis. 

IV. When the two equations x* — 1 = o, x m — 1 =o, 
have another root besides unity, common to both, then the 
exponents m 9 n, must have a common measure. 

Proo/ For if they have no common measure, then 
also they can have no common root except unity (III). ' 
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SECTION LXXXIX. 

Pbob. Let the equation #"— 1 =o be given, and n be a 
compound number : find all those roots of this equation, 
which do not belong to any equation of a lower degree of 
the same form. 

Solution 1. Let p 9 q, r, &c. be the simple factors 

01 9ft 9ft 

of the exponent n ; further, let — = p,— =/ti / ,— =/i // &c. 
consequently n is divisible by fi, \i\ fi /f , &c. 

2. Construct . \ the equations 

#*— l=q, x^— l=o, jp"— l=o, &c. 

then these equations must have all their roots in common 
with the equation #* — l=o (§ LXXXVIII, I.) 

3. Now, I affirm, that each root of the equation 
a?"— 1 =o, which also belongs to a lower equation of this 
form, must necessarily be a root of one of the equations 
in 2. For, let a be a common root of the equations 
a*— l =o, #*— 1 =o, and the last the lowest of this form, 
to which this root can belong, then k must be a divisor 
of n (§ LXXXVIII, II.), consequently also assuredly 
a divisor of one of the numbers p, p', fi" 9 &c Therefore, 
all the roots of #*— 1 =o must be contained in one of the 
equations in 2 ; and consequently also the root a. 

4. If we divide the equation oc*— 1 =o successively by 
.r"— 1, & / —l,xP"—l 9 iw., we obtain 
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^W + a*-V +j^-V + .... + X V +J ^' +1=0 

X*~t* + 3*-*"" + X*~**' + .... -f *V.f j"" + 1=0 

The first of these equations contains all those roots of 
J*— 1=0, which are not contained in j?*— l=o; the 
second all those roots of x"— l=o, which are not con- 
tained in x" 7 — 1 =0 ; &c. 

5. A root 0, which is common to all these equations, 
cannot be found in any one of the equations 2** — 1 = 0, 
a?*'— 1 =0, j?*"— 1 =0, &c and . # . cannot be a root of an 
equation of two terms of a lower degree than x*— 1 =0 (3). 

6. If . • . we seek the greatest common divisor of the 
equations in 4, then this must contain only such roots 
as are peculiar to the equation j?*— l=o, and belong to 
none of a lower degree of this form. But it is also 
evident, that there can be no such root wanting in the 
greatest common divisor, because otherwise it could not 
be the greatest. 

Example I. Let #*— J=o be the given equation, 
consequently n=4. Since this number has only one 

simple factor, viz 2, .*.p=2; consequently p =s — = 2. 

If .'. we divide the equation # 4 -«-l=o by #* — 1, we 
obtain the equation 

x* + 1 = o 
whose roots + */— 1 and — V— 1 are such, that they do 
not become + 1 till raised to the fourth power. 
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Example II. Let x 1 *— l=o be the given equation, 
consequently n = 12. This number has two simple 
factors, viz. 2 and 3. We have .*.j>:=2, jf = 3, and 

consequently ^ = — = 6, ji'= — = 4. Now, if we 

divide # w — 1 =o by a?— 1 and a?*— 1, we obtain the two 
equations 

a 6 + l=o 

a 8 -f a 4 -f 1 = o. 
Their greatest common divisor is 

x A — x* + 1 = o. 
Hence we find 

./1±a/-3 l */3±a/-1 
x -- -j-'y- — - = + - — - 

and these four roots are peculiar to the equation x li — 1 =o, 
because they do not become + 1 till raised to the twelfth 
power. 

In order to find the above roots, it is only necessary 
to solve the equations x 6 — l=o, x* — l = o, and to take 
the common roots only once. The roots of the equations 
a 4 — l=o, x 8 — l = o are in § LXXXIV. In this way 
we obtain the following eight roots. 

-3 ±\/-1-a/-3 



±i>±*/-i, ±v — s— 



2 2 

which together with the four preceding, give the twelve 
roots of x 12 — l=o. This mode of expressing them, is, 

as we see, much more simple than that in § LXXXVI. 

• 

Rem a ex. A root which is peculiar to the equation 
£*•— l=o, and which consequently belongs to noequatim of 
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a lower degree of this form, is termed a primitive root of 
this equation. 

section xc. 

Prob. Let n be a compound number, and a a given 
primitive root : find all the roots of this equation. 

Solution 1. In § LXXXVII it has been proved, that 
for every n, though a may be any imaginary root, the 
powers a, a*, a s ...a", are always roots of the equation 
a?— l=o. 

2. I affirm, then, that when, as has been here supposed, 
a is a primitive root, in the series of magnitudes a, 

a c , a 3 , a", there are no two, which are equal to one 

another. For if a^=a v , then a u ~ v =l, consequently a is 
a root of the equation #'*~ v — l=o; therefore the root of 
an equation of the form <&•"— l=o, of a lower degree than 
n, and consequently no primitive root, which is contrary 
to the hypothesis. 

8. Since .•. the magnitudes a, a 2 , a 3 , a*,......a n ^ 

all roots of the equation **— 1 =o, and all different from 
one another, they are the n roots of this equation, which 
were sought. 

SECTION XCI. 

Prob. Let n be a. compound number, and a a pri- 
mitive root of the equatipn a*— 1 = o, . • . a, a*, a 3 , a 4 ,. . .. " 



a" 
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all the roots of this equation (§ XC) : find a criterion by 
which to distinguish the primitive roots of this equation 
from the others. 

Solution 1. If two whole numbers m, n, have a common 
measure, there may always be found a whole number t, 
which is less than n, and such, that mt is divisible by n ; 
on the other hand, if the numbers m, », are prime to each 
other, then t cannot be less than n, if mt is divisible 
by n. 

2. Now let a m be any one of the magnitudes a, a 2 , a 3 , 

a\ If this be a root of an equation j* — 1 = o, 

we then must have a m — 1 = o, or a m = 1 ; .*• ml must 
be divisible by n. 

3. From this condition and from 1 it follows, that when 
the numbers m, n 9 have a common measure, there can 
always be found an equation csf — 1 = o of a lower 
degree than the nth, of which a m is a root ; but that no 
such equation can be found, when m 9 n, are prime to each 
other. 

4. But hence it follows, that of the powers a, a 2 , a 3 , 

a 4 , a", all those, without exception, are primitive 

roots of the equation of — 1 = o, whose exponents have 
no common measure with n ; and this . • . is the criterion 
by which the primitive numbers may be distinguished 
from the others. 

Example. Amongst all the roots a, a 2 , a 3 , a 4 , a 5 , a 6 

z 
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a 7 , a*, a 9 , a 10 , a", a w , of the equation a 12 — 1 s= o, there 
are no more than the four a, a 5 , a 7 , a 11 , whose exponents 
have no common measure with 12, and consequently which 
are primitive roots of this equation ; and these roots can 
be no other than the four which were found in the second 
example, § LXXXIX ; viz. 

-£>v/3 + £*/-i,-£</ 3 -£* / - 1 
In order to be convinced of this, assume one of them, 
viz. i */ 3 + i */ — 1, for a ; by actually raising this 
root to the fifth, seventh, and eleventh powers, we find : 

a = K3 + W" 1 
a 5 =-i^3 + i\/- 1 



a 



ii — 



= W^-W- 1 



and these are the same as the foregoing. We should have 
obtained the same result, if we had put every other of 
the four above-mentioned roots for a. That this must be 
the case, may, besides, be seen without actually completing 
the calculation; for if in a, a 5 , a 7 , a", we substitute 
a 5 , a 7 , a 11 , successively for a, and omit in the exponents 
the multiples of 12, we then obtain 

a 5 , a 25 , a 35 , a", or a 5 , a, a 11 , a 7 

a 7 , a 35 , a 49 , a 77 , or a 7 , a 11 , a, a 6 

a 11 * a 55 , a 77 , a m , or a 11 , a 7 , a 5 , a, 

. * . always the same roots, only in a different order. 

SECTION XCII. 

If we compare the equation #"—1=0 with the 
general equation x* -~ Jxf 1 " 1 + Bx"~* — Cx-""" 3 + ...... 
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T Sx ± T = o, A = o B = o, C = o, tf=o, 

T = + l. If . • . we denote the roots of this equation by 
a 9 & y> S, &c we have . 

a + # + y + S + &c. = o 
a0 + ay + &c. + 0? + jSS + &C.&C. = o 
apy + ag$ + &c. + 0y S + &C. &c. = o 
and so on to the product of all the roots, which is = — 1, 
or = + l, according as n is even or odd. 

Since in the two first chapters, the letters, a, 0, y, 
§, &c. are used to denote the radical exponents, in order 
to prevent mistakes, I shall once for all remind my 
readers, that these letters, when they are in the brackets 
[ ], always denote, as heretofore, radical exponents, but 
in every other case the roots themselves. Further, 
in order to indicate, that a numerical expression relates 
exclusively to the roots of an equation of the form 
i* — 1 = o, I shall place a dash over the left side of the 

bracket thus x [a£yS k] in reference to the equation 

# n — 1 = o, denotes a numerical expression for the radi- 
cal exponents a, 0, y, S, k. 

SECTION XCIII. 

Prob. Find the sums of the powers of the roots of the 
equation tf — 1 = o. 

Solution 1. If we compare this equation with the 
general one 

x» + Ax" 1 + Jfo"- 2 + + Poc + Q = o, 

we find -4 = o, B = o, C = o, &c. ; P == o, Q = — 1. 
Consequently, by means of the equations in 7, § VIII, 
we obtain 
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*[1] = o, % [2] = o, '[3] s o, % [» - 1] =o 

on the other hand \n] = n. In like manner we find 
'[n+l]=o, *[n+2]=o, *[n+3]=o, *[2tt-l]=o 

on the other hand '[2n] =n. Generally, all those sums of 
powers, whose radical exponents are divisible by ft, are 
equal to n, all the remaining ones, on the contrary, =o» 

2. If we put x = — , the equation x 9 — 1 = o, is 

consequently are the reciprocals of the roots of the former 
equation (§ X). But since the equations x 9 — 1 = o, 
y — 1 = o, are similar to one another, we also have 

*[— l]=o, v [— 3]=o, '[— n+l]=o, '[— n]=« 

and generally, all those negative sums of powers, whose 
exponents are divisible by w, =n, all the remaining ones, 
on the contrary, = o. 

section xciv. 
Fbob. Find the value of x [a g]. 

Solution. Since, generally, for every equation [a/?] = 
M [0] - [« + 0} 9 and when a = ft S[a?] = [«r*|- 
[2a], so also in particular for the equation x 9 — 1 = o. 

w = * '[«]• - i w 

In order to determine from hence the numerical value of 
*[a0]> there must be three different cases. 
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1. When a+0 is divided by'** but the radical expo- 
nents fy g 9 are not taken singly.- In this case, accord- 
ing to the foregoing §, \a] s= \&] aneO, '[« + 0] ss n ; 
consequently 

T"0l = - *> 
and when g = a 

L J 2 

2. When a+g is divisible by n, but at the same time 
also, the radical exponents a } £, are taken singly. In this 
case \a] = x [0] = », and x [« + 0] = n; .-. 

*[«£] = »* — » 
and when a = g 

L J 2 

3. When a 4-0 is not divisible by n. In this case 
*[* + 0] = ; but likewise the product s [a\ '[ 0] = 0, 
because then a and cannot at the same time both be 
divisible by n ; consequently always 

SECTION XCV. 

r 

Peob. Required to find the value of '[#0y]. 
Solution* Now 

Visy] « T«] tfl t T ] - W *&»+*] - Xfl. t«+7l 
-»■ *M'[* + isO + !••'[« + * + ?]• 

Here, then, the following cases are to be considered : 
+• z 3 



174 

1. When a + $ + 7 is not divisible by w, then the 
last term of the solution of \<*&y) here given = 0; then 
also all the remaining terms of this solution = 0, because 
in each of these there must be at least one numerical ex- 
pression with one radical exponent not divisible by n : 
consequently for this case \<*@y] = 0. 

2. If each of the magnitudes a, 0, y 9 be divisible by 
n, then each of the numerical expressions x [a], x [0], y [y] 9 
% [* + £L \* + yJ> '[0 + y]> = n, and consequently 

*'[aj3y] = n 3 — 3n 2 + 2n. 

S. In every other case always 

*[agy] = - V? + 2». 

SECTION XCVL* 

Prob. Find the value of the general numerical ex- 
pression [cfiffry 1 icfc]. 

Solution 1. The last term in the development of this 

numerical expression is, according to the second chapter, 

...1.2.3.4 v— 1 w . « M . . x. \ 

-I , ^ (a«+^/3 + ,.• + fcie) 

when a + & -ft + 4- it is put = v; the upper sign 

when v is even, and the under one when v is odd. 

2. Now, if n be not a divisor of aa+fc£+*y + ...+&*, 
then this last term = 0; but at the same time also, all the 
remaining terms vanish, because in each of these there 
must be at least one numerical expression, whose radical 
exponent is not divisible by n, for otherwise the sum of alt 



175 

the radical exponents, contrary to the supposition, most 
be divisible by n. 

3. But if aa+&0+*y+ + **, be divisible by *, 

then this last term alone is 

., 1.2.3 ....; v-> 1 

1 . 2 ...» X 1 . 2...*X xl .2. ..*** 

4. In order to obtain the values of the remaining terms, 
we can proceed as follows. Analyze the expression 

cPfjfiy* k& in all possible ways into combinations of 

two, three, and so on magnitudes, the sums of whose 
numbers are divisible by n, and assign to each such com- 
bination the coefficient K in 7, § XXX, when all the 
combinations are different ; on the other hand, the coeffi- 
cient K in 10, § XXX, when some of them are equal, 
and determine the sign as in 13. Then, without any 
further reference to the combinations themselves, take the 
aggregate of all the coefficients, which arise from the 
divisions into two combinations ; further, the aggregate 
of all the coefficients which arise from the divisions into 
three combinations, and so on. If, then, we denote these 
different aggregates in their order by 9, V, tf , S>, then 
the value of all the terms besides the last 

5. From 3 and 4 we obtain .*. the following value of 
the numerical expression [ofiffi y ......**] : 

1 * 2...axl • 2...6x xl.Sxft' 

+ SW + B* 3 + C» 4 + 3Dh* + &c. 
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Example. Suppose it is wished to find the value of 
X [1'2 9 5*], when n =: 6 9 we then proceed according to the 
following scheme : 

Combination 1 8 2 3 5* 
Divisions* Coefficients. 



15, 12 3 5 

2 3 , 1*5* 
1 2 2 2 , 25* 



15, 15, 2 3 



1.2.3.4 






1.2.3 

1.2X1.2.3 
1.2.3x1.2x1.2 

1.2.8X1.8 
1.2X1.2 X 1.2 



= ~i 



5 
9 



1 . 2 



1.2x1.2.3 



= +J 



We have .-. « = - 4 - £ - | = - 6, & = J, .'. 
since also a = 2, 6 = 3, * = 2, consequently v = 7, 

Yl*g 3 5»] « | ' 2 V 3 ' 4 / V f - 6-6.ff-H.6 3 « 0. 
u J 1.2x1.2.3x1.2 8 



SECTION XCVII. 



The symmetrical functions of the roots of the equation 
x" — 1 = are principally df use in eliminating irrational 
magnitudes from equations. To eliminate irrational 
magnitudes from an equation, or to make it rational, 
implies no more than from this equation to derive another, 
which only contains rational magnitudes, and is such, 
that the roots of the former equation are also roots of the 
latter. In order that it may be seen how this is effected, 
I shall assume that we have the equation of the first 
degree r — A =s 0, in which A denotes any irrational 
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expression, and that we wish to find for x an equation 
which is free from irrational magnitudes. Since each 
irrational magnitude in the expression A, has more values 
than one, consequently the value of x has various signi- 
fications, and while nothing nearer than this is determined, 
this value is doubtful. An equation free from irrational 
magnitudes which has the expression A for a root, can, on 
account of this very doubtful signification, neither give 
this nor that value which we suppose it to have, but 
must, at the same time, necessarily give all those different 
values, which this equation contains, because otherwise 
there would be no sufficient reason why it should give' 
exactly this one, and not every other value likewise. 
Now, since the values of x are functions of the coefficients 
of the equation, but the coefficients, according to the 
condition, are rational, consequently the difference of these 
values cannot arise from the coefficients, but must be 
founded in the degree of the equation. The degree of 
the equation must . * . be equal to the number of the 
different values, which the expression A can have. 
But if the condition respecting the rationality of the 
coefficients be omitted, then certainly equations of lower 
degrees may be found, which have this expression for 
roots, because then the coefficients themselves are unde- 
termined. 

For instance, let x^= Vk. The irrational magnitude 
\/Ar has two roots, viz. -f */k and — */k. The required 
equation must . * . have these two values for roots, and it 
consequently is (x + */k) (x— \Z&) = o, or, by actual 
multiplication, £*— - fc=o; a rational equation, which we 

2 A 
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should also have obtained, if we had squared both parts 
of the equation x= *Jk. 

Further, let x=z\/k. If we denote the three roots of 
the equation ff 3 — l=o by a, ft y 9 then the irrational 

magnitude ^lc has the three values a\/k 9 fPyk 9 y\/k, 
and these consequently must be the roots of the required 
equation. It is . * . 

(x-aS/k) (x-es/k) (x-y\Jk) a o. 
By actual multiplication, we obtain 

x*-\lj\/k.i*+ s [l*]\/k*.x-[l 3 ] fc=o; 

or, since by the preceding §, '[l]=o, '[l 2 ]=o, *[l 3 ] = 

1 . 2 

1 .2 .3 * ' 

x 3 — k = o; 

a rational equation, which we should also have found, by 

3 
raising both parts of the equation x=S/ k to the third 

power. 

I shall now put x—\/k. Since +1> —1, + a/— 1> 
— v/— 1, are the four roots of the equation x* — l=o, 

then +.\Ar, — V k 9 + \/— 1 . \/ A, — ^— 1 . \A, are 

the four values of yi, and the required equation is .*. 

(x-\/k)(x+\/kXx- */-l.\/k)(x+ v/-l.\A)=o 
or by actually performing the multiplication 

x 4 — k = o, 
as was requited. 

If for \/k we had only taken the two values + V k 9 
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—S/k 9 and from these had formed the equation (i — \/ k) 

(x+N/A=o)we might have foreseen, at once, that no 
rational equation could be found. And this is actually the 
case ; thus we obtain x 2 *- \//r = o. Each of the two values 
of x contains the irrational magnitude *Jk 9 and since this 
has a two-fold value, we consequently obtain the four 
values of x. 

Hence we perceive, at least, how we are to proceed 
with equations of the first degree, in order to render them 
rational. Thus, if x=A be an equation of this kind, 
and we denote by A f 9 A" 9 A n, 9 &c. the different values 
which the irrational expression A contains, by reason of 
the many significations which its irrational magnitudes 
have, then 

O-^O O-^") (x—A'") = o 

is always the equation free from irrational magnitudes, 
which was sought. 

The following problems will throw more light on this 
subject. 

SECTION XCVIII. 

Fbob. Make the equation x= *Jp + Vq rational. 



Solution. The irrational expression Vp + s/q may 
here have four different values, according as we give the 
roots \/p, >Jq 9 the sign + or — , and these values are 

+ */p + *Jq 9 — Vp — */q> + */p— Vq 9 — Vp + \/q. 
The equation free from irrational magnitudes is conse- 
quently 
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(*— >/p+ v^) (x+ v^p— >/?) = o, 
or, when we multiply the first and second factors together, 
•5 also the third and fourth 

(**_ p—q—z^/pq) (^^p^q^^f/pq) = o, 

or lastly, by completing die multiplication thefsseoond 
tin y* 

*♦ - 2(p + q) ** + ( p _ ,)« - 
MOTION XCIX. 

Peob. Make the equation ( r?=a\/p+- 7 - rational. 

v p 

Solution, Since in this equation there is only one 
irrational magnitude, and that the square root, via. </p, 
consequently x can have no more than two values, and 
these are 

/ , h b 

flvpH — j-9 —avp — 



*Sp */? 

The rational equation is . • . 

(x-aV> r ) (x+a*/p+— _) = 

vp */p 

or x* — tfji - 2ab - *! = o 

P 
or likewise p.r 2 — (ap + i) 2 = o 



section c. 

Pbob. Make the equation x=aS/p+b\/p* rational. 

Solution 1. The cubic irrational magnitude S/p, may 
have three values viz. 
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«Vp> gS/p> tVp» 

when a, ft 7 denote the three roots of the equation 
jt 3 — l=o, unity included. These three values of VP 
correspond to the three following values of its square \/P* * 

X/p 2 , /?</**, ^jp 2 . 

Consequently x can contain no more than these three 
values: 

maS/p+&s/jP 9 frS/p + plfs/pS ya\/p+y*i\/p*. 
The rational equation is . •. of the third degree. 

% It is represented by 

ar» - Px« + Qx — R a o 
then 

P = (aa^p + a^f) + (0€/^p + ^b\/p o ) 

(aos/j»+a«is/|» s ) {yA/p+y t Vs/p' > )+ 

(jK*s/?+Fl\/p*) (tA/?+7*«VV) 

= Wa^l^+l*s] al !p+'[**]»*yC(p 

K = (aaS/p+a'fts/p*) (fi*\/p+&l\/p*) 
(yoS/p+y'S/p*). 

+ *[**] *P 
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3. Here, then, the numerical expressions \i] 9 x [2], 

Wl TO Tl'2]> X™*1 .\lftl *[l 3 ], L2 3 ] occur, the 
first six of which vanish, by % \ XCV. Further, by 
the same §, since here n=3, x [i2]=i— S, *[l 3 ] = l, 
'[2 3 ]=1. By the substitution of these values in the 
expressions for P, Q, J?, we obtain P=o, Q= — Sabp, 
R=za?p + lPp 2 9 and hence the required rational equation 

a? — 3abpx — cFp — ft 3 /} 2 = o. 

Remark. We could essentially have shortened the 
calculation for determining the values of P, Q, R 9 by 
omitting at once all those terms in which p is included 
under the radical sign, because it might have been fore- 
seen that they vanish in the results, as the required 
equation must contain no irrational magnitudes. 

SECTION ci. 

The problem in the preceding § leads immediately to 
the solution of equations of the third degree. For since 

the supposed roots acS/p + a^lS/p^ 0aVp + j^i\/p c > 

yaS/p + 7*6\/p* kd t0 the equation aP — Sabpx—aPp— 
tPp*=zo 9 it may be inferred conversely, that every equa- 
tion of this form must have these three roots. If we put 
2>= 1, then this equation is transformed into 

x* — Sabx — a 3 — ft 3 = o 

and the three roots of this equation are consequently 

aa + a% ga + g^J, ya + <y*6. 

Since one of the three roots a, £, y must be equal to 
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unity, we may .'. put y==l ; farther, if a* = 0, ^=a; 
the three roots of the equation x z — Sabx—c? — iP=zo con- 
sequently assume the following form : 

aa + gb, ga + ab, a + b. 

We obtain also precisely the same result from Cardan's 
Formula, which, as is already known, tries to reduce the 
given equation to the form x 3 — Sabx— a 3 — b?=o. 

SECTION CXI. 

The problem, § C, may also be solved by another 

method. Thus put \/ p =y 9 then S/ p* ==y*, . • . x = ay + 
by 2 : the value of y determines that of x. But y has 

3/ 3/ ' 3 / 

three values, viz. aS/p, gyj), y \J p 9 which are all com- 
prehended in the equation ^ 3 — ji=o; consequently the 
values of x must be the result of the elimination of y in 
the two equations 

I. tf —p = o 

II. x -ay-bf = o 

In order to perform this elimination, we give, by § LXX VI, 
to the equation II. the form 1 +(l)y-f (2)y*=so, so that 

n h 

(l) = — , (2)= , and we then obtain the following 

x x 

equation : 

o = 1 + (1) [1] + (2) [2] + (12) [12] + (2») [2«] 

+ (1 S )M+ (O [I 3 ] + (1«2)[1»2] 
+ (12*)il2»] + (2 s )[2 s ] 

The numerical expressions may be taken from the annexed 
tables, if we put J=o 9 2?=o, &=p. If after this we 
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substitute. again for (l), (2), their values , , we 

x x 

then obtain the equation x*—$abpx—lPp--a?iP=so % as in 



section cm. 
Prob. Make the equation x=zaS/p + b\/q rational. 

Solution 1. The cubic irrational magnitude Vp has 

three values, Viz. a \/p, gS/p, yS/p. In like manner 

V? contains the values ats/q, &S/q, yS/q. Each of the 
first may be combined with each of the latter, and this 
gives nine values of x 9 viz. 

aaS/p + ab\/q t 0a\/p + abs/q, ya\/p + ab\/q 
aot\/p + &\/q, pa\/p + $\/q 9 yaS/p + 0>\Jq 
aa!sjp-{yb\/q, &a\/p + yb\/q 9 ya\/p + 7 b\/q 

Hence we can find the rational equation in the usual way. 

But we can also attain this object by elimination as in 

the preceding §. 

2. With this view, put a\/p=:y f b\/q=:z ; then 

*=»#+*. Now, sinoe y has the values adsjp, 0o\/p, 

y«V/>> S*A z the Values c&hjq, &\/q 9 yVsJq, which 
are all included in the two equations ^ — <j?p = o, 
^-ft^a-o, it merely amounts to this, from the thtt* 
equations 



'• 
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In. xzcy+M 

II. y* — a*p =s o 

III. s 3 - Mgr = o 

to eliminate the magnitudes y and *. 

3. Raise the equation I. to the third power, and put 
fort/ 3 , sP 9 their values c?p, Vq from II. and III., also x 
fcrjj-h*, we then obtain 

a* ss o*p + Vq + $yzx 
or i 3 - a?p — ftfy = Sysx 

4. Raise this equation again to the third power, then 
we get 

(x 3 — a 3 /) — ft 3 ^) 3 = ZJip&x 3 
and if for j/ 3 , s 3 we substitute their values 

(x 3 — c?p — A 8 ^) 3 = 27a 3 #*p j x 3 . 

5. if thk equation be solved and properly arranged, 
we obtain 

a» — 3{<fy + Vq)x* + £3(0^ + Wqf - 87flW/»f] a 3 

-(o^ + i^so,. 
and since this is of the ninth degree, it consequently is, 
as. appears from 1, the most simple rational equation 

which can be deduced from x^a\/p-\-bS/q. 

section civ. 

Peob. Make the equation x = */p + Vq + \/r 
rational* 

Solution 1. Since the quadratic irrational magnitudes 

2b 
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may be assumed either positive or negative, their combina- 
tion gives for x the following eight roots of the required 
equation : 

\/p + \/j + \/r, — sjp — >Jq — *Jr 
*Jp + */q — \/r, — */p— */q+ Vr 
</p— <s/q + \/r, — \/p + \/y — V r 
*/p — \/fl — A/r, — \/p + \/q + \/r 

2. Since here every two roots which are opposite each 
other only differ in these signs, the equation can only 
contain even powers of x 9 and it has . * ., when we put 
x*=y 9 the following form : 

y - Atf + Btf - Cy + D = o 
and the roots of this equation are 

Wp + */q + */r)% (V> + V^ - ^) 2 
(«//> - */q + \/r)*, (Vp - */? - </r)» 

3. In order to determine from hence the coefficients A, 
B 9 C, Z), we only need take the sum of these roots, the 
sum of every two of them, and so on. The following 
treatment, which has been frequently made use of already 
in the preceding part of this work, leads to the object in 
a shorter way. Let Si, S% % S3, S4 9 denote the sum of 
these roots, the sum of their squares, cubes, and fourth 
powers ; then, when in § IX, — A and — C are put for 
A and C, and the symbol S for the one [ ] there used, 

A = Sl 

AS\ - S2 



B = 



c = 



2 

BSl - AS* + S3 



3 

D= C&—BS2 + AS8 — S* 

4 
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4. The expressions S\ 9 S%, S3, j$4, must necessarily 
be rational, because otherwise the coefficients A 9 B 9 C, D, 
could not be rational. Consequently the irrational mag- 
nitudes in the solution must alternately be left out, and 
they may .*• be entirely omitted in the calculation. 
With reference to this remark, and since we treat the 
trinomial */ p + Vq + */r as a binomial *J p + 
( Vq + Vr) 9 the calculation stands thus : 

(Vp+ v^+ </ry=p'+q+r+&c. 
i Vp+ </q+ */r) A =f+6p(Vq+ */ry + ( <Sq + ^r) 4 

&c. 

=s]f+6p(q+r)+tf+6qr+r s +&c. 
=jf+ <f + f* + 6(pq+pr+qr) +&c. 
(\/p + Vq+ Jr)«=:f+15)f( k <s/q+ >v/r)* + 18p{*/q + 

\/r) 4 +(>v/?Wr) 6 +&c. 
~p?+ 15fP(q + r)+ 15p(fl 8 +6?r + r*) 

+y>+ 15j*r+ lSgr^+^+ftc. 
=2> 3 + J 3 + r 3 + 1 5(fq +ptf + ft +p* 

(\/p+V?+ v^r) 3 =^ 4 +28p 3 (Vjf+ A/r) 8 +70p 2 (V?+ 

\/r) 4 +28p( V?+ «/r) 6 +( V?+ 
>v/r) 8 +&c. 
=p A + 28p s (q+r) + TO^C^ + ejr + 
r*)4-28p(y , + 15fl«r+ 15qr*+t*) 
+ j 4 + 28flV + 7<tyV + 28jr a + 
i^&c. 
=p 4 + J 4 + t -4 + 28(|rty + py* + jiV 
+ j*r* + (fr + jr 3 ) + 70(p*<f +p Q r 2 
+ ?*r 2 ) + 420( j pyr 2 +JJJP i* + i^jr) 
+ &c 
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5. It if easily seen, that if, instead of «/p+ */q+ W, 
we had raised every alternate one of the expressions 
Vp 4- v^o- Vr, </p— </q+ vV, Vp*- </q— V> to the 
same powers* tibe rational parts would have been the same. 
Ne*% sines in Sl± &9 9 89* S4>, the rational terms most 
be left out, we obtain 

&l=4(p+q+r) 

iS2=4 lp*+<f+r*+6(pq+pr+qr)l 

S3=4< [pHflf'+r 3 * 15(p*q +p<p + p*r +pr* + tfr 

+ yr 3 ) + 70 (p a J* + ]»*r* + j«r«) + 420 (pjr 2 
+ptfr+ptqr)} 
or moie briefly, when the brackets [ ] refer to the mag- 
nitudes ji, q, r, 
5l»4-[l] 

*SSte4 ([8] + *{I*J) 
iS»*r4([d] 4 lA[l2t] -f- 90 [I s ]) 
,S4*=4 ([4] + 28 [l*] + 70 [**] + 420 [1*2]) 

& If these values be substituted in the equation* in 
3, we then obtain the coefficients A, B y C, J> 9 expressed 
by the given magnitudes p, q, r. 

section cv. 

Pmwr* Make the equation r= */p+ */q+ */r+ \/$ 
rational. 

Solution I. It may be shown by inferences, as is in 1 
and S of the preceding % that, when we put x* = y, the 
rational equation is of the form 
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y -Ay > iy- <y + iy - «y + jy 

and has the following expressions for loots : 

(v> + \/y + W + */*)• 

(y>'+ */y — w + */•)• 

(\/p + \/? — VV — » \/*)* 
(Vp — «/o; — </r + \/»)» 

2. Give the symbol £ the meaning which it had in 
the preceding §, and first of all try to find the expressions 

Sly Sz y S3, Ss. Since the calculation is managed 

in the same way as in the preceding % I shall not detain 
my readers with it, but only 1 reflrind thtem, that in the 
involution the expression */p+ */q+ *Jt+ \/$ may be 
considered as a binomial, whose two parts are </*, and 
Vjp+V? + Vr. 

8. Consequently we have 

s + (a/j> + *Jq +' \Zr) 8 + &c. 
Wp + Vty + W + a/*) 4 a: 
*+«•( v>+ \/j-h v/r)»+(\/p-f </?+ \/r) 4 + &c. 
( \/p + </? + A/r + >/*)* =± 

+ (v>+a/?+a/V) 6 +&c. 
&c. 
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or, when the development of the powersof */p + \fq + Vr 
in 4 of the preceding §, are used, 

^ + ^ +t * + ^+6(pg+pr+p*+jr+^+r«)+8u. 

pr*+gr*+&c- 
&c. 
in which only the irrational terms have been omitted. 

4. For the same reasons as in 5 of the preceding §, we 
obtain from hence 

Si = 8 [1] 
fifc = 8 ([2] + 6 [1*]) 
S3 = 8 ([3] + 15 [12] +90[1 3 ]) 
&c. 
and the substitution of these values in the formulae in 3 
of the preceding §, which must be extended for this pur- 
pose, gives the coefficients A> B, C, &c. 

SECTION CVI. 

Frob. Make the following equation of the first degree, 
with an indeterminate number of quadratic irrational 
magnitudes, rational, viz. 

x = */p + *Jq + sfr + \/s + + Vw. 

Solution 1. By the two preceding §§ it is easily 
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inferred, that when n is the number of the irrational 
magnitudes */p 9 Vq 9 ... </t0* the degree of the rational 
equation is equal to the power 2\ But since the different 
values of x are such, that two of them are always similar, 
but with different signs, the equation consequently is only 
of the 2*"" 1 th degree, when we put x* =s y. 

2. The conclusions in the two preceding §§, when ex- 
tended, give the following results : 

Si = 2*" 1 [1] 

52 = 2- 1 ([2] + 6 [l 2 ]) 

53 s 2*" 1 ([3] + 15 [121 + 9° M) 

54 = 2- 1 ([4] + 28 [IS] -f 70 [2 2 ] + 420 [l 2 2] 

+ 2520 [l 4 ]) 
JS5 =a 2- 1 ([5] + 45 [14] +210 [23] + 1260 [1*3] 
+ 3150 [12*] + 18900[l 3 2] + 113400 

[I 3 ]) 

&c. 

3. Hence the law of the formation is easily perceived. 
As an example, I will take S5. The number 5, and 
its divisions into combinations of two, three, &c, give the 
numerical expressions [5], [14], [23], [l 2 3], [12 2 ], 
[1*2], [l 5 ]. The coefficients are no other than the 
number of transpositions of different things, whose re- 
peating exponents are twice as great as the radical expo- 
nents of the numerical expression ; consequently the 
coefficients of [5], [14], [23], [1*3], [12 2 ], '[1 8 2], [l«], 
the number of transpositions of the different things a 10 , 
a 2 * 8 , a 4 * 6 , aW, a*bV 9 aWd 4 , aWdV, or 1, 45, 210, 
1260, 31 50, 1 8900, 1 1 3400. Those of my readers, who 
understand the polynomial theorem, will not have the 
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least difficulty in comprehending the meson of this. For 
by the two preoediog sections, the expression* $i 9 Si, 
SS 9 4c., when 2*" is left out, we no other than the 
developments of the second, fourth, sixth, eighth, && 
powers of </p + */q + Vr + ...... + </* # wMh fifat 

omission of all those terms tihioh cental* iarattenal 
magnitudes, or, which is the same, the developments of 
the even powers of p+q+r+ ...... +ww*tk theopiasjon 

of all those terms in w&<& there a*e odd exponents* end 
by dividing the exponents in the remaining epee by two. 

4. Now, if we put 2'asfg, then the required rational 
equation 

x m - Ax»~* + Bx m ' A — CaT*+ + &e. = o 

and the coefficients J, B, C, &c. are determined by the 
following equations : 

A = Sl 
25 = ASl — S2 

&c. 
Remark. To this belongs the celebrated problem 
vhjeh Fenpait proposed to the analysts of his time, and 
to the solution of which he more particularly challenged 
Descartes. I* is tbia from the equation 

to take away the irrational magnitudes. It is only 
necessary to substitute x for oft, and for the compound 
magnitudes under the radical signs to put the monomials 
p 9 y, r, s, t; then it only remains to make the equation 
x = */p + Vq + vV + *J* + \/t rational, and in Ae 



193 



equation th*s obtained, for x to substitute again its 
values p, q 9 r 9 s, t. 



section cvii. 

Pbob. Make the equation x^a^p + bvjP+c\rp 9 
rational. 

Solution 1. Put \/j>~y, then this equation is 

x -* ay — 6y* — cy 3 = o. 

Now, since y contains four values, viz. +y, —y, 
+y*/—h — ^V'— 1, we get the four following equa- 
tions, all of which obtain at the same time. 

x — ay — ty 2 — cy 3 =ao 

a? + ay — 6y* 4- cy 3 = o* 

a? — ay\/— 1+ iy 2 + g/V— l=e 
ar -f ay*/— 1+ fty* — cjrV~l:« o 

or 

(# - ty*) - (ay + cy 3 ) = o 

(x -V) + (*y + <&*) - ° 
(x + iy 2 ) — (ay — cy 3 ) ^— l=o 

(x + iy 2 ) + (ay - cy 3 )^/— 1= o 
The equation sought must •• . be the product of these. 

2. If the two first and the two last be multiplied 
together, we obtain 

x 9 + %**■ + *y 4- «y - eary 4 + cy=so 

2 c 
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or if in these equations we substitute p fory 4 , 

[x* + (V* - 2oc)p] - (2&r + a 2 + <W = o 
[^ + (J* - 2ac )p] + (2fcr + a 2 + c 2 /?)^ = o 

3. If we multiply these equations, and then put p for 
y, we obtain the required rational equation of the fourth 
degree, 

z 4 - 2(4* + 2ac)p** - 4(a* + c*p)*!P* 
+ (V - 2ac)y - (a 2 + <fy) 2 p = o 

and the four roots of this equation are 

a\/p + fcvWcVp 3 

- a\/p + b\/f-c\/f 

-aV^. V~l~ft\/p 2 +cVp 3 . */-l 

Corollary When . • . an equation of the fourth degree 
has the form just found, then its four roots may always 
be determined without any further calculation. I shall now 
show, that, presupposing the solution of cubic equations 
to be known, every equation of the fourth degree can 
have this form. 

section cvm. 
Let 

be the equation to be solved : it is general, because in 
every equation the second term, if there be such, may 
be omitted. If this equation be identical with that in 3 
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of the preceding §, we then must have 

I. SpC^ + Sac) = A 

II. 46p(a* + c*P)= B 

III. (a ? +c 8 p) fi p...(i 8 -.2ac)y = C 

The two first equations give 

A 

(ft 8 + 2ac)p = — 

and if we make use of these values in the equation III, 
after having previously given it the form 

{c?+<?p)*p - (4 s + 2ac)*f + SdPcf = C 
we then obtain 

B* A* 

n - £- + SaPctf = C 



I6b*p 4 
From the equation I we also obtain 
IV. 4acp = A — 2&p 
and the substitution of this value in the equation just 
found, gives 

" - - + 2APp - 46V = c 



166^ 4 

Since the three equations I, II, III, contain four 
indeterminate magnitudes a, 6, c, jp, we can . • . assume 
any one of them. Put b s 1, then, after getting rid of 
the denominator, 

B 2 - *A*p + 32 Af - 64P 3 = l6Cp 
or, when arranged according top, 
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an equation of the third degree, which merely contains 
the unknown magnitudes 

From the equations II and IV we obtain, when we 
put b = 1, and divide the latter by £ Vp 9 

and when we add the second to the first, and also subtract 
the one from the other, then again extract the square 
root from the sum and the 



But the four roots in 3 of the preceding §, when we 
put 6= 1, has the following form 

Vp + (a + c\/p) Vi> 
*/p — (a -f Ck/p) \/p 

— Vp + (a — cVp) Vp • J ~ l 

— Vp — (a — cVp) \rp . \/ — 1 

and when in this we substitute for a + c*/p$ a »- cjp 
their values, we obtain the following roots of the equation 
*4_ A& — Bx— C = o: 

Vp + —j- V {B*/p + 2jp - 4p») 
V * " £7£ ^(*^P + 2^P - *P*) 

~ vp + T7p ^ ^*' + 8j/> * **> 



- V 



* + £v£ V( ~ ^P + *4>- 4p 2 ) 
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Having . * . already determined the value of p from the 
equation V, we also obtain the mots of the given equa- 
tion. Besides, it is exactly die same which of the three 
values of p we make use of, because in each ease we must 
necessarily always get the same roots. 

section cut. 
Pbob. Make the equation 

x = a Vp + b\/f + c Vjp 3 + d\/p 4 
rational 

Solution 1. When we put \/p = y, •'• .y 5 — /* «= o, 
then the equation is transformed into 

x — ay — fty 2 — cy 3 — djf = o. 
Now y has five values, viz. ay, &y 9 yy 9 Sy 9 cy, when 
«> & 79 S> €9 denote the five roots of the equation 
y* — 1 =0 (unity included) ; we have .-.the five follow- 
ing distinct equations : 

x — a ay — a^y 2 — cftjy 3 — a*djf =s o ' 
x — $ay — #%* - 0*^ — &ay = o 

* — yay — yfcy 2 — yV — /dy 4 = o 

* _ S aj , - 8*^ _ g^s - 8*fly = o 

x — say - ^iy 2 — Ay 1 — c 4 oy = o 
and their product will give the required rational equation, 

if we again put \/p fer 5. 



2. In fact, tihis implies no more than to eliminate x 
frttn the two equations x — ay — iy 1 — cy 3 -*-^ »o, 
if—p^zo, and consequently in this case all the methods 
of elimination in the preceding chapter are applicable. 
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If we make use of Cramer's method as the easiest, we 
shall arrive at numerical expressions, which exceed the 
limits of the annexed tables, and . •• must be calculated. 
But we arrive at this object in a much shorter way by 
managing the calculation in such a way, that the nume- 
rical expressions refer only to the roots of unity, because 
these are more easily calculated. 

3. For this purpose we only require from the two 
equations 

I. z 5 — 1 = o 

II. x — ayz — byh* — cyV — dy 4 * 4 = o 

to eliminate the magnitude z ; for if we substitute in II 
the five values a, 0, y, S, c, of z from the first, we then 
obtain the same equations as in 1. 

4. In order to be able to apply Cramer's method of 
elimination (§ LXXVI), we give the equation II the form 

1 + (1) z + (2) z* + (3) s 3 + (4) z 4 = o 

then(l) = - % (2) = - W, ( 3 ) = - S?, (4) 

XXX 
X 

5. Since the numerical expressions in. the equation, 
§ LVIII, LIX, (c), in the present case relate to the 
roots of the equation z 5 — 1 = o, then all those in which 
the sum of the radical exponents' is not divisible by five 
vanish, by 2, § XCV. With reference to this remark, we 
obtain the following final equation : 
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0= 1 + ( 14)*[ 14]H-(24 2 y[24 2 ] + (S4 3 )T;S4 3 ] + (4 5 )'[4 5 ] 
+ (23) x [23] + ( 3H )X 3 2 4 ]+(l24 3 y[l24 s ] 
+ (l«3) x [l 2 3] + ( 1*4 2 )t 1 2 4 2 ]+ (1S 3 4 2 ) X [13 2 4 2 ] 
+ (12*)'[12 3 ] + ( 1234)'[1234] + (2*34*y[2«34 a ] 
+ (l 3 2){l 3 2] + ( IS 3 )\ 13 3 ] + (23 3 4) x [23 3 4] 

+ ( I 5 )T I 5 ] + ( 2 3 4 V[ 2 3 4 ] + (3 5 )t3 5 ] 
+ ( 2 2 3* )'[ 2 a 3* ] 
+ (l 3 34)tl 3 34] 
+ (lV4){l 3 2*4] 
+ (l , 88")'[l , 8S f ] 
-h(12 3 3y[l2 3 3] 
+ ( 2 5 ) x [ 2 5 ] 

6. The numerical expressions in this equation may 
also be calculated by § XCV, which, indeed, is not diffi- 
cult for the present case. If after this again, we put for the 
symbols (l), (2), (3), (4), their values from 4, likewise 
p for if 9 and multiply the equation by x 3 , we then obtain 

o = 
tf — 5ad \px?-i- 5bd*\ p*x — 5cd*p*x - d*p* 
—5bc) —5c*d) +5alxP 

p*x—5ac*c? 
-5b*c# ) f 
+ 5l<?d 

.3 



— ScP^px*— 5<sftP " 
— Sabcd 



-5a47 

— 5a?bpx 

— a'p 






—•5ac* 
-5i 3 d 
+ 5bV 

+ 5c?cd ^ 

-5<?bc* 
+ 5aJ 3 c 
-6 5 



— cr 



}/> 5 
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7. If .*. the required rational equation be represented 
by 

x* - A j 8 - Bx* - Cx - D =* o 

then 

J = 5(ad + bc)p 
B=5(a*c+aW + bdfp + <?dp)p 
C = 5(c?b + Vdp + w?p + city 2 ) p - 

D = a*p + Pp* + <fy 3 + cPpi 4 — 

5 (a?cd+aWc + 4<ftfc> + ab<Pp)pP + 
5 (a*A*d + <rtc* + ac***? + Vc#p)p* 



SECTION CX. 



The equation x=ofyp+b\/tf+(f\/fp+d\/p* W 
to an equation of the fifth degree, of the form in 7 of the 
preceding § ; and the five roots of this last equation are 
consequently 

x - aa\/p + a*b\/p* + **c\/f + a A d\/p* 
x = 0a\/p + 0b Vp 8 + &c\/f 4- ^ VP 4 
x = ya \/p + 7« J Vp 2 + V^VP 3 + 7 4 dViP 4 
x = Sa\/p + &b\/f + 8 3 cV^ + &d\/p* 
x = ta\/p + ^VP 2 + AVp 3 + € 4 d\/p 4 

Therefore, conversely, if an equation of the fifth degree 
has the given form, we have its roots in its stead. If .*. 
we could reduce every given equation of the fifth degree 
to this form, we should then have the general solution of 
equations of this degree. To effect this, it is indispen- 
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sably necessary, from the given coefficients A 9 B, C, D i 
by means of the equations in 7 of v the preceding §, to be 
able to determine the magnitudes a, 6, c, d, p 9 one of 
which is arbitrary, in a similar way with that in § C VIII 
in the case of equations of the fourth degree, and also in 
§ C, where the transformed equation had Cardan's form. 
But all the endeavours of the greatest Analysts to attain 
this object have been fruitless, and we shall see in the 
sequel, why it must be the case. However, a treatise by 
Euler on the general solution of equations, and parti- 
cularly those of the fifth degree, may always be read with 
pleasure and instruction ; it is to be found in the ninth 
part of the new Petersburg Commentaries, and also in 
the third Part of Michelsen's Translation of Eider's 
Introduction. 

SECTION CXI. 

Although, however, we cannot obtain the general 
solution of equations of the fifth degree by the method in 
the preceding §, yet there are several particular equations, 
to which this solution is applicable, of which I shall, with 
Euler, only adduce thoje which do riot lead to very com- 
plicated forms. 

I. If in the equations in 7, § CIX, we put c = o, 
d = o, we then have 

-4 = o, B = 5a&p 9 C s=s 5a?bp 9 
t> = cPp + ¥f. 
From the second and third of these equations we obtain 

•* - ir" ** - ise 

2 D 
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hence 

C* B 3 
/>=-- + 



5B 25C 
Also 



If .-. the equation 

be given, then • 

flv -=r + crv- 



5fi . 25C 

is one of its roots, and the remaining roots are obtained 
by substituting £, y, 8, c successively for a. 

We should in like manner have found the same equa- 
tion and the same roots, if we had put a and b> or a and c, 
or b and d = o. Thus if we put b = o, and d=o, we- 
have 

-4* = o, B = 50*9?, C = 5ac 3 /> s 
D = a 5 j> + cfip 3 . 

From the second and third equation we obtain 



and these give 



B 3 C 2 



Rs r> 2 

D=— + — 

25C 5B 



We have . • . again the equation 

a* - Bx* - Cx - 4^ - ^L = * 

25C 5.6 
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-and one of its roots 

= aa</p + a*cVp> = a^JL + a^g 

The remaining ones are obtained by substituting 0, y, S, f, 
successively for a. Moreover, that the five roots, which 
we find by these means, are not different from those 
already found, we may easily convince ourselves by putting 
a\ a\ a 4 , a 5 ( = 1) for ft y 9 8, B (§ LXXXVII). 

II. If in the equations in 7, § CVIII, we put b = o, 
and c=o, we obtain 

A = 5adp, B = o, C = - 5o 2 dy, 
D = a?p + d 5 p* 

The first and third of these equations give 

A* 
C= - — 

Further, the fourth gives 

Z> 2 = (0*p + dy)2 = (a*p - &p*y + 4a 5 dy 

= (ft - dy) * + *(i) 5 

consequently 

Now since J 

a 5 ^ + <Fp 4 = D 
then 



..*J 
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and .*. 



« S/p = </[W + • [i &- (|) 5 ]] 

Consequently, if the equation 

A* 
x* — ^fx 3 + — a? — J5 = o 

5 
then each of its roots is expressed by 

«\7[|D+v[iz>»-(^) 6 ;j] + 

This root resembles -very much, as we see, that which 
Cardan's formula gives fox equations of the third degree. 
Besides this equation belongs to a peculiar class of par- 
ticular equations of all degrees, the solution of which 
was first taught by Moivre, and of which we shall treat 
hereafter. 



section cxn. 



In the saiqe way as in § CX the equa/tiop 

x = aSjp + b Vj>* + cS/p* + dS/jfi 
was made rational, every other ecjuaiiop of the form 

i=aVp + iW+cV^ 3 + •- + kS/pT 1 

may generally he made rational, ajod the degree of the 
rational equation will always be equal to the radical index. 
In this there is no other difficulty than the trouble of the 
calculation. Hauber has omitted this operation when n = 6 
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[See the Second Collection of Combination Analytical 
Treatises, p. 248]. It would he desirable, if it could also be 
done with other values of w, because from them, as has 
been already shown by a few examples, the solutions of a 
great number of particular equations might be derived, 
which are so much the more worthy of observation, be- 
cause they cannot be analysed • for otherwise there could 
not be in the roots any radicals of the same degree as 
the equations themselves. Yet a great number of par- 
ticular cases of the same kind may be found without 
such complicated calculations, by omitting at the very 
beginning, several terms in the general irrational expres- 
sion aS/p^-bS/p^^cS/j^^ + &Vp"~~ J ; as the fol- 
lowing problems will show. 

SECTION cxni. 

Fbob. Make the equation x = a\J p + b S/ ^ra- 
tional. 

Solution. Here the two cases, in which n is an even, 
and the other where n is an odd number, must be dis- 
tinguished* 

Fvr& Cnst* 

ami «»# 

1. Let i=oVp + b V JP*$ further; let a, ft y, 
8, &c. be the roots of the equation x** — 1 = o. If y 

*mi 

be substituted for \ p 9 then the different values* which 
x Iws ift x&itiw t? these w$tm& i»agaitud#s, are 
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nay + a 2 by 2 
pay + tfby* 
yay + y 2 by* r 

as far as 2m. The required rational equation is repre- 
sented by 



x 



,£» 



— Ax*"- 1 + Ax**-* — Ax*"- 3 + 



m m+l m+t __ 

... + Ax* + Ax"" 1 ± Ax*-* + 

2m— 1 2m 

... — Ax + A = o 
the upper signs obtain when m is even, and the lower 

when m is odd. The coefficients A 9 A> A, &c. are then 
the sums of the former values of x, taken singly, two and 
two, three and three, &c. 

% The developement of these combinations gives 
A=\l\ay + \2\by* 

A=\\*\ tfy + '[12] abtf + *[2«]*«y' 

3 

&c. 



3. But it is evident from 2, § XCVI, that all the 

1 3 3 m 

coefficients A A A, as far as uf &c. vanish, because the 
sum of the radical exponents in each numerical expres- 
sion, is always < 2m, and consequently cannot be 
divisible by 2m ; this was evident before, from this con- 
sideration, that in the required equation there are only 
such powers of y 9 as are divisible by 2m, for otherwise 



•• • «- 

. • «. 
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it could not be rational. It only remains to find the 



m m+\ fn+2 " 9m 

coefficients A A, A, A. 



4. When in the terms of which these coefficients con- 
sist, we omit all those, which by % § XCVI, = o, we 
then find 



m 



A =s *[2"] b m \j»* 

... [ i 

ffl+2 

A = \l 4 r^\ a 4 fr B -y B 






^ _ ^s-^gj a *-«jy 

S = x [l*»] a^^ + [2*"] i^y 



5. But (§ XCVI). 
L J 1.2. 3 m 

L J — 1 .2.3...WI — 1 xl.2 —1.2 

*r,4«*-jn —1.2.3 m+1 — m.tii*— 1 ^ 

L J 1. 2. ..m— 2x1.2.3.4 1.2.3.4 

M-,A~m «*-i .1.2*3 wi-f-2 _ 

[l 6 2 fl, - 3 ]= + --^. 2m= 

L J —1.2.3... m—3 x 1 . 2 ... 6 

. m . m 2 — 1 . wi* — 4 

—1.2.3.4.5.6 

\p - a _ i 1 __ --- 1.2.3 m + S 

L J "~ + l . 3 . 3. ..fli-4xl . 2...8* 

.. w.m'-l . m 2 — 4 .ot 8 — 9 

+ 1 .2.3.4.5.6.7.8 #2m 






j» •* 
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v. 



*r -- * -i 1.2.3 2ftl-2 _ 

L J T lxl.2.3 2m— 2 

m.m* — l.m*— 4 m*— m— 2* A 

a± 4- ■' ' ' ■ ■ • ' 2m 

1.2.3,4 2m— 2 



1 . 2 . 3 2m- 1 

3 2m 



L J 1.2.3 2m 

L J T (l.2...») f Xl.2 v ; 1-2. 3, ..2m 

es + 2 - 1 = + 1 

in which the upper signs obtain when m is an even, and 
the lower when n is an odd number. 



6. If we substitute these values in the expressions for 

« m+l m+2 

A, A, A 9 &c, and then again put p for y , we obtain 
the required rational equation 

#*»_. 2b m px m . 2m . a 2 & w - , p;r m - 1 

L . 55 
W . m 2 — 1 « 4i«-r «~s 

' "T75T5Ti' # a * > 

m . m*— 1 . m 2 — 4 ^ ^i^* „_« 
1.2.3.4,5.0,7*8. ^ 



m.m*— l.m 2 — 4.m*— 9.. m 2 — m— 2 „ OM _. T 

'1 — 5 — s — z — z — ^ — ~^ . 2m . cr^bpx 

1.2.3.4.5.6.7 2m — 2 r 

-a 8 *^ +4 9 y = 



l lt « * * . t «• «• 
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Second Case. % 

2m+lt 2m+\f i • i 

7. Now, let x=zaS/p + l\/p\ or 9 ** substituted 
for Vjp, x=ay+by*. Further, let 

1 B 3 

3^ 1 —Ax™+Ax* m ~ l --Ax im ~*+ ..... . 

ui+l »+2 «+3 

+Ax"±Axr- l +Aa?~*± 

am sn+i 

...... +Ax—A=o 

be the required equation, in which the upper signs obtain, 
when m is even, and the lower when it is odd. Then, as 

12 3 «+l . 

before, all the coefficients A, A, A, &c. as far as A vanish, ( . 

and we have the niypaerical expressions nfaml to the ^^ ^ ' ' 
equation ff* 8,+1 — i*=5 a, . 

m+l 

A = *[12 m ]alri/*»+ l 
A = jl*— ^cW-y"- 1 
J = , [l»2■ , - i ']a 5 i"- , y ,+, 



^ _ ^j7 2 — ^a^—y**-' 



2*1 



^ _ *[i*"- J 2]a*"-'fy< 



S»+l 



A = '[i*»+ 1 ]a*» + y i,,+, +'[2 a " , + , ]6 aw+ y w+l 



8. But 

w •-± l;^:r;;T -»+ i -± t » +i 

—in . wi + I ^ 

2 E 
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r ^-..-i ,1.2.8 ...m + 2 

^riSp*— »1^ 4- — ■ • 2m + 1 

IT* J- ± 1.2. 8.. ..m-2x 1.2.3.4.5 

m . m 2 — 1 . m + 2 . 

ss + r — r ~ • 2«l+ 1 

1 .2.3.4.0 

„ .1.8.8 * wi + 3 -.. 

t**^!- + 1 , 2 . 3 ...m-3xl. 2 .3.4.5.6. 7 - 2,,t+1 

_OT.m 9 — l.m*— 4.m + 3 
^1 .2.3.4.5.6.7 



*r o— . i 1.2.3 ..2m— 1 -, t 

•ri*""" ! 2i= — — j- , . 2i»+ 1 

t 1 Z J- lx 1.2. 3 2m- 1 

2 

m ,»M .m*-4 . m 2 -9---M 8 -wi-2 . 2m-l gj||+1> 

"" 1.2.3. 4 2m— 1 



- ■[■"']=^ ;j:»z:::z^:. - 8 " +i ° +i 

9. If these values be regularly substituted, we then 
obtain the required equation 

x **+i _ (2m + 1) ab m px m 



m . m + 1 _ , _ *i«— i 
— - — -- . 2m+ 1 . arb—ipx 

1 . SS . 3 



.«— l 



m.m 2 — l.m+2 _ §< .i-,^* _ « 

— - — - — _ . 2m+ 1 • <rb"~*px * 

1.2.3.4.5 ^ 

rn.rn 2 -! . m 2 -4.m + 3 rfb^ru?*-* 

1.2.3.4.5.6. 7 - 2m + 1 - a& 1*^ 

m.m 2 — 1 .m 2 — 4.m*— 9.m-K4 ^ t , gj,-. _^ 
—^ — „ ' . 2m + 1 ,a 9 b n ^ 4 px m ^ 

1.2.3.4.5.6.7.8.9 * 



2 

m.m 2 -l.m 2 -4.m 2 -9...m 2 -m-2.2m-l ^ , „ „_ .. 

— ■- .2m + lur^bpx 

1.2.3.4 .2m-l T ^ 

— a ,w+1 p — b^+y = o 
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SECTION CXIV. 



Conversely, if equations of the form in 6 and 9 of the 
preceding § be given, we may always find their roots. As 
examples, and for the sake of their use, I shall here give 
a few equations of this kind. 

I. When m=2, we obtain from 9 of the preceding §, 
the equation 

x* — 5al?pa? — 5cPbpx — cfp — Wp* = o 
and each of its roots ' 

adSJp + cPSS/p* 
when a is a root of the equation x 5 ... 1 = o. Moreover, 
this equation is the same as that in I, § CXI, which 
was derived from the general equation of the fifth degree 
in § CX. 

II. When m=3, we obtain from 6 of the preceding 
§ the equation 

x 6 —2Ppjp—9a*Pp^-6dbpx—a 6 p + lPj? = o 
the roots of which are expressed by 

aaS/p + albS/p* 
.when a denotes a root of the equation z 6 — 1 =o» 

Further, for the. same value of m we obtain from 9 of 
the preceding §, the equation 

x 7 - laPpx*— 1 taP&px* -lefbpx 
— dtp — Uj? = o 

and each of its roots 

aa\/p + a?b\/p 2 
when a denotes a root of the equation x 7 — 1 =o. 
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III. When ms=4, we obtain from 6 of the preceding 
§ the equation 

— Stfbpx — <tp + WfP = o 
and for each of its roots 

Further, for the same value of m» we obtain from 9 
the equation 

a*—9ab*px* - SOoWpr 1 — WcPVpx* 

— 9^bpx — dfp — 4y = o 

and for each of its roots 

«*s/p + <*vs/f 

and so on. 

section cxv. 

Pbob. Make the equation x = ayp + JvjT l 
rational. 

Solution 1. If we denote the roots of the equating 
2"— 1 =o by a, ft y, 8, &a then the roots of the required 
rational equation are 

aaS/p + <r- l V\/p- 1 

pcS/p+ff^Vs/p 1 ^ 1 

r yats/p+y^bS/p*- 1 
&c. 
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or since o* = {? = y" = &e. =5 l, 

eas/p+r^bs/p*" 1 

yaS/p+y^bs/pT- 1 
&c 
Hence we could derive this equation in the same way as 
in § CXIII ; the following method, however, which has 
been often used already, leads to the object in a shorter 
way. 

. 3. Denote the sum of the first, second, third, and so 
on, powers of these roots by &1 9 S2, S3 9 &c. ; thai 

£l ^WaS/p+^-^bs/p- 1 

+ T-sFpVp" 3 

S* = \4](^p*+4X2VtyV?+&[o]tfPlt 
+ 4[-2[aPp^p-*+X-*y A p i \/p- 4 

3. From the form of these values, and from § XC VI, 
it follows, that the expressions «S1, S3, S5 9 &c. = o, and 
that generally each expression 5/lc=o, when p. is an odd 
number and less than n. Further, since \6\ = n, we 
have 

S% = —nabp 
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1.2 e 

S6 = 6 • f • * «rtV 
1 .2 . S r 

and generally 

-I • X • 3 •••••••••• it 

whilst 2p < it. The expression Sn, when n is an even 
number, besides the term 

n . n— 1 . it— 2 — + 1 n^ *^ n_ 

na* b*p* 

1.2. 3 — 

which does not vanish, and which is derived from the values 
of S2fA 9 when 2/u=n, contains also the two terms [n]a*p, 
*[— ri\tfp— l > which do not vanish, or ita"p, n^y- 1 . On 
the other hand, when it is an odd number, then the 
expression £n only contains the two last-mentioned terms. 
Accordingly, in the case where n is an odd number, we have 

Sn = naTp + nlrp*~ l 
and in the case where n is an even number 

n . it— 1 .... — + 1 n n n 
Sn = 1 ? na T b r p T +wTp+nlfp n - 1 

1 . 2 * 

2 



4. From the values of Si, S2, S3, Sn, already 

found, we are now enabled, by means of the formulas in 
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§ IX (which serve for determining the coefficients of an 
equation from the known values of the sums of the powers 
of its roots), to find the coefficients of the required 
rational equation. Thus, if this equation be represented 

xr+Jar- 1 +Atf-*+A3? i -*+ 



....+Aa?~~ m +... + Ax+A = o 
we then obtain the following values of the assumed coeffi- 

19 3 a 

cients J, A 9 A 9 *• A 9 in which those, whose index 

is odd, are omitted, because all of them (the last A 
excepted) = o : 

A= = — nabp 

2 r 

j AS2+S* , n.n- 3 A9 g 

A - _ 4S2 + AS4 + S6* 



6 

n . n — 4 • tt— 5 
1~. IT. 3~~ 



a 3 Ay 



8 AS2 + AS 4+AS6+S8 



8 



n . n—5 . n—6 . n— 7 



'1.2.5.4 

&C 
Hence the law of the progression is easily known ; thus 
the general term is 

* n . n— X— 1 . n— X— 2 n— 2X + 1 XILx * 

x l . 2 3 , X * 
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a 

The last coefficient A, when n is odd, 

-- - (f p _ fcy-i 

* 

and when * is even is 

n . 1 . 2 2.1 n n n 

± — ? ? d r b r P ir —<rp-b 9 ' 1 

1 2 3 2L—1 — 

2 2 

n n n 
or, more briefly, + 2a* 6 8 p r — <fp—b n p*~ l 
the upper sign of the two + obtains, when n is of the 
form 4m, and the lower, when n is of the form 4m -f 2. 

5. If these values be substituted in the assumed equa- 
tion, we then obtain, when n is even, the required rational 
equation 



1.2. S 



n . w— 5 . n—6 . »— 7 ^,i . ,_ 8 



1.2. 3 . 4 

n . n—6 . w— 7 . n— 8 . n— 9 
1*2. 3 . 4 • 



aW/Ar"" 



10 



n n n 
+ 2<T 8 A*p* — aTp—by- 1 
= o 



the upper sign of the two + obtains, when w==4m+2, 
the lower, when * =n 4m. When n is odd, the same 
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equation obtains, only in the last terrft the magnitude 

n n n 
2a*b*p* must be omitted. 

Example. When n = 5, the equation is 
Jr 5 — 6*bpx 3 + 5<fPp*x — a*p - *y 
and each of its roots is 

aa S/p -f * 4 6\/p 4 
Moreover, this is the same equation which was found 
in II, § CXI. the b in the present equation corresponding 
to d in the former. 

II. When Use 6, the equation is 
& — 6*bpx* + 9a 2 iyjr- — 2a 3 fty — <jfip — «y =s o 
and each of its roots is 

aaSjp + * 5 b S/p 5 

* 
Remark. Compare Michelsen's Translation of Euler's 

Introduction, third Book* pp. 10, 11, with this §. 

Euler finds the same equation, in a shorter, but less 

analytical way ; what in his method is \/ and *, in 
mine is abp and a n p + b n p*~ l . Compare also with it 
Huguenin's Mathematical Contributions &t the further 
Improvement of the young Geometrician, p. 181, and 
soon. 
If we put t 

then the above general equation, when n is an odd number, 

2 * 
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is transformed into 

^1.2 n* 

. — jf- 6 + .... = 1 

1.2.3 w 3 

the first part of this equation being continued till we come 
to a coefficient = o. But from the two equations nabp 
= A, <fp + o"p"~ l = T y we obtain 

(cTp - i"p- 1 ) 2 = «P + iy 1 ) 2 - 4o"6V 

4^(" 
n" 
consequently 

If we combine this equation with the onea"p + b"ff~ l = T, 
we obtain, by addition and subtraction, 

\ n 

and when we extract the nth root 

Therefore 

» t a n 

is the general expression for every root of the above 
equation x n — Ax?~* + &c. = o. 
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From the resemblance of this formula to Cardan's, it 
follows, that the equation of Moivre is only an extension 
of Cardan's, and that both may be deduced in the same 
way, as is actually shown in the two above-mentioned 
works. 

section cxvi. 

F&ob. Make the equation x = aS/p + bS/p*-* rational, 
in the case in which n is an odd number, and not divi- 
sible by three. 

Solution 1. Let 

x* — Ax- 1 -f Ax*- 2 + Ax*-* + - A = o 

be the required equation, whose roots consequently are 

'aatyp+S^bs/p*-*, or aaS/p + ^bpS/ L 

CL p* 

B^Jp+^Vs/p^y or ^p+±bp\/± 

&c. &c. 

Further, let the symbols Si, <$£, S3, &e. have the same 
signification in reference to these roots, as in the preced- 

in g§- 

2. Any undetermined power k of the first of the above 
roots contains, when a only is considered, the following 
terms: 

the same terms contain also, with reference to 0, and so on, 
the power k of the second root. Consequently St when 
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«* £> Yi &P- only we considered, consists of the following 
terms: 

»[*], \k-S], \lc-6] '£-2fc+S], t-«*] 

3. Now, if fc < n, then amongst these there are no 
expressions but s [p] an ^ T~ n l> wnose fedical exponents 
are divisible by n ; and indeed the first only obtains, when 
k is divisible by 9> but the second only when 2&— n is 
positive, and divisible by 3. But both can never occur 
at the same time in the same numerical expression, for 
otherwise, contrary to the supposition, n must be divisible 
by 3. Hence it follows immediately, first, that when 
x [o] occurs in Sk 9 k must be of the form Sjul ; secondly, 
when '[— n] occurs in Sk 9 the least value which k can 

have, is -— , for which I shall substitute m ; and thirdly, 

35 

that then every other value of k must have the form 
wt+Sv. Consequently Sk always vanishes, when k has 
not one of the two forms Sfi and m+ 8v. 

4s. Npw, if we §eek the. binpmial coefficients qf \o\ and 
*[— w], we. obtain, when for these numerical expressions 
their value n is substituted, 

3 M .3,,-1.3,,-g....2 M +l 
r I. 2, • 3 H 

J. • 35 •••••• 55 1/ "7~ X 

From the first formula we obtain 

3 
S3 = — na*i/? 
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S6 = Ll£n^£«d« 
1.2 r 

1 . 2,3 r 

&c. 
and from the second 



m + 3 . wi + 2 . m-f 1 



Sm + 3 = — ; -7 — - — — nc?b m p m - 1 

1.2. 3 . r 

1 » + 9 . » + 7 . n + 5 „**± n ±L 

"?" — r. — r na%2 i>* 

1 . 2. 3. 4. 5. * ^ 

1 w+15.»+13.»4-Jl.» + 9.»+7 „^\ — 
2* 1 . 2 . 3 . 4.5 • ° 

&q. 
Every other Sk, which is not included amongst these, so* 

5. Hence the coefficients of the required equation may 
be determined by means of the general formula 

v4 ~ ASl -4S2 + ASS - AS* + ...„. 



+ ASir— 1±Stt 

When in this we substitute 1, 2, 3> 4, 5, &c. successively 
for 7r, it will immediately be shown, that all the coefficients, 

those excepted which are under the forms A, A, vanish, 
because in {be products, of which this formula is com- 
poi^nded, either a coefficient, or a numerical expression, 
or even both at once vanish. Further, we find 
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A = — = narbp 

3 r 

6 

• A S3 — S6 n . n — 5 , . t 
A 6 1. % p 

^ "" 9 ""1.2.3 P 

&c. 

- _£m - «±i *=L 
-rf = H . = + nab * p * 

"t 3 AS3 + ASm 1 n.»-5.n-7 *r? 4 1 

^f = - = — &• <rb* p 2 

' ifi+3 2* 1 . 2 . 3 r 

»+3 



y, ^ff3 - AS6 + ^Sm ± ASm + 3 + Sm + 6 

ro + 6 

■ I 1 *.n-7.n-9.n-ll.n-13 ^^ 
^ 2 4 1 . 2 . 3. 4. 5 F 

the upper signs obtain when m is even, the lower when n 

is odd. 



6. The last term A can neither be included in the 

form A 9 nor in the form A 9 because otherwise n must be 
divisible by 3. But this term can be very easily found 
by taking the product of all the roots in 1, which pro- 
duct is here reducible merely to the sums of the products 
of all its first and all its second parts, and consequently 
= a*p + by 



,«— 2 



7. If we substitute these values of the coefficients in 
the assumed equation in 1, we then obtain the required 
rational equation 
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n . n— 13 . n-14.n-15.»~l6.n— 17 ,<,,„ .^ ,. 

+ ttt: — r. — r. — r. — s~ a 2i ' v 

&c. 

n «+l H--I »-3 

ab~*p * x * 

m 

2* 1 . 2-. 3 * * 

1 n.n— 7. n— 9. n— 11 .n— 13 . "±£ 5±1 !!=!* 
2 4 1 . 2 . 3 . 4. 5 r 

2 6 * 1 . 2 . 3. 4 . 5. 6. 7 P X * 

&C. 

— <fp — A"/*""" 8 

= 0. 

The two series in this equation are continued till we arrive 
at the negative exponents of x. 



Example I. When n=5, we find the equation 
x 5 — 5c?bpx* — 5abPp*x r- a?p — Vp 3 = o 
and for each of its roots 

a»SJp + **V\Jf 
If we put 5a*bp=B 9 5aVj?=zC, then this equation is 
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transformed into the following One : 

B* C 2 

x b — Bx* — Cx - * = o 

25C 5B 

the same equation, which was found in I, § CXI. 

Example II. When n=7, we obtain the equation 

x 7 — 7<Fbpx A — lab*p z x* + laflPtfx 
— a 7 p — VpP = o 

and each of its roots is 

*a\/p + ^iVp 6 

To this belong all equations of the seventh degree of the 
form 

x 7 — lAx* - 7Bx* + lA?x - ~~- ?L = o 

B A 

as may be easily found, by putting a?bp=±A 9 afrp z =B, 



SECTION cxvii. 

In the same way as m § CXIII, § CXV, and § CXVI, 
we can derive innumerable other general forms of solvible 

equations from the binomial \Zf^-\- \/p*bf eliminating 
the irrational magnitudes. However, since otherwise this 
subject possesses no interest, I shall here content myself 
-with giving an equation, which Waring, one of this most 
celebrated Analysts that England ever pbs&eksed, gives 
in a treatise on the general solution of equations, by 

assuming x =d\p + V\Jjp (Philosophical Transactions 
for the year 1779, p. 92). When nis odd, this equa- 
tion is 
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n.n— 7.n— 8 _.„ - , n.n— 9.n— lO.w— 11 _ ltM . 
1.2. 3 ^1.2.3. 4 

, n . n— 11 . n— 12 . n— 13 . n- 14 _ ..„ lfl , . , 
1.2. 3. 4. 5 T J 

± p«[na * b * x — L . »-»-g-»-7 tf , & B ^ 
^ 2* 1 . 2 . 3 



1 » . »*— 7 . »— 9 . h — 11 . » — 13 



»— 14 »+5 



+ 2* 1. 2. 3. 4. 5 a b * 

1 n.»-9.n-ll.n-13.n-15.n-17.n-19 J ^ 1 f 5±: ' „ * , 
2*1.2. 3. 4. 5. 6. 7 a 2 *** 7 ***'] 

— dfy — J'/? 8 = o. 

n— 3 . 
The factor p 2 has the sign + , when is a whole 

4 
number, but in other cases the sign — • 



SECTION CXVIII. 

The method by which equations of the first degree 
are made rational, which hitherto we have chiefly used for 
finding solvable equations, can also be used with advantage 
when we merely wish to clear the unknown magnitudes in 
an equation of the radical sign. I shall elucidate this by 
two examples. 

Let the equation 

p + S/ q+\/r + \/ s + *!/ 1 =o 

be given, and let p 9 y, r, *, &c. be rational functions of 
the unknown magnitudes 3/, 2, &c. : it is required to make 
this equation rational. 

2 G 
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Put— p = x ; then we have in reference to x the equa- 
tion of the first degree, viz. 

^ x = \J q +\J r + \J $ + *s/ 1 

O We tjfjfi make this equation rational and then again 
put — p for x 9 we then have the required equation clear 
of irrational magnitudes. 
If the equation 

\/p + \/ 9 + \/ r + *\/s = * 

be given, in which there is not even one rational term, 

we put — SJp=x, and then make the equation x=\q 

+ v t + yj * + rational. Having done this, we 

substitute in the obtained equation for x successively its 

values — *VP> — 0S/p9 — 7 v. P» ***•» then there arise 
fx equations. If we multiply these together, we then 
obtain the required equation clear of irrational magnitudes. 

On the subject of clearing equations of irrational magni- 
tudes, there is a very able treatise by Fischer, in the 
Hindenburg Archives of Mathematics, Number VIII, 
written with that clearness and perspicuity peculiar to the 
author. 

The rational equation which is obtained from the equa- 
tion x = S/p-h V 9+ v r + v * + ••• so l° n g as tne 

irrational magnitudes *\p 9 \/ q 9 \/r, \/8 9 &c. have no 
particular relation to each other, always rises to the degree 

/uv7rp..., because the fi values of \J p, the v vales of 

V y, the 7T values of \/r 9 and so on, may be combined 
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together exactly this number of times. But if the above 
irrational magnitudes have any relation to each other, so 
that if one or other is determined, the remaining ones 
arc either all, or only in part determined, then the rational 
equation is always of a lower degree. Here follow a few 
examples by way of elucidation. 

The rational equation for x = SJ p + ^p*+ V P 3 

+ N/l >4 + ••• +VP* on ty T ^ 9e& to th e nt k degree, because 
S/p* = o/jp)«, VV = { ^/ p y 9 y p A = (£/ p) A 9 &.. 
and consequently x contains no more values than the 

irrational magnitudes </p. 

12/ 3/ 5/ 

The rational equation for x = \/p + VP+ v ? on ty 
rises, but necessarily, to the sixtieth degree, because 

2 12 / H / 

\/p=(Vp) 4 , and the twelve values of \/p 9 combined 

with the five values of \/ q 9 gives sixty different values 
of x. 

The rational equation for x = \/p* + \/P 7 + V** 3 

5 7 8. 

= p™ -f p* + p* only rises to the seventy-second degree. 
For if we reduce the small fractional exponents to the 

50 56 87 

least common denominator, we have x = p^+p^+p™. 
If .•• a, be a root of the equation y 72 — l==o, then is 

30 56 27 lfl / 9 / 8 / 

*50p7* + a 56p7* + a «7j,T* Qr ^30^,5 _|_ A 5*\/p1 + **1\/p* 

the corresponding value of x, and there are seventy-two 
of these values. 
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SECTION CXIX. 

Psos. Find a factor, by which the given inutional 

expression p+\/ a +\/ r +\/*+ mogt ** ■>■»>- 

plied, in older to make it rationaL 

Sobaum. Lei a, &, c, d, &c denote the different values 
which this expression has, when the irrational magnitudes 
are taken in all possible ways. Now, if we farm the 

equation x = p + \/q + \/r + V* + » t ** en *** 

rational equation derived from it, is 

(x— «) (x— £) (x— c) (x— d) as O 

and its last term = + abed Now, since this 

product must be rational, it follows that the given 
expression is rational, when we multiply it by the product 
of all the remaining e xpr es si ons which its different values 
give ; and this product consequently is the factor sought 

Exampxx I. Let the expression p+\/q be gran* 
If then 1, o, ft be the three roots of the equation^ 8 — 1 
= o f then die required factor 

= (p+»v?)(p+^v4) 

or, since a + = — l, a = 1, 

^-PV'f + VV 

Example II. For the expression p + a/ q + vV, the 
required factor 



i J 
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= (p+ ^9— ^ r ) (p- </9+ W) (P~ ^?~" ^ r ) 
= P 3 "~~P? ~"~ pr — (p a -- fl + r) \/ f ~ 
(P* + ? — **) \/r + 2p Vgr 
which is already known. 

Example III. For the expression p + \/q— V r > 
when 1, «, ft are the roots of the equation y 3 — 1 =o, we 
obtain the following factor : 

(p+Vj+V't) <p+«^+^)(p+/^j+V*) 

(P + V^f+V^ • * / - 1 ) (p + «Vj + \/ r • ^-o 
(P+eV?+ Vr • V-i) (p+V^-V^ • V-i) 

(p + *\4-Vr. A/~l)(p+^V?--Vr. */-l) 
Cp + ^^-^Cp + flV^-V^r) 

Remark. When p=o, a more simple factor may often 
be found, by which the object to make the given expres- 
sion rational may be attained. Thus, if the expression 

3 / 3 / . ' . 

yj+yr be already rational, when we multiply it only 

by the factor (V? + *\/ r ) (V? + V r ) = Vfl 2 

— \/^r-f\/r*; and the expression Vq+ Vr+ </s is 
so by multiplying by the factor (\/fl + vV — \/«) 
( \/j— vV-H \/s) ( \Zj— \/r— \/*). This is always the 
case, when the indices of the roots have a common divisor, 
or the irrational magnitudes have a certain relation to 
each Other. 

Corollary* From what has been already said, it follows, 
that it is always possible, by the multiplication of the 
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numerator and denominator of a given fraction by a 
proper factor, to (dear the denominator of irrational mag- 
nitudes. Consequently also an equation of the form 

x = 2_Z_y_S — V V *_zi ma y always be reduced 

to an equation of the form x==p + \/^+\/r+\/i+..- 
and as one of this kind can always be made rational by 
the preceding §, so in like manner the former may always 
be made rational. 

SECTION CXX. 

Pkob. Make the equation x = *Jp 4- */q rational, 
when the magnitudes p and q are not immediately given, 
but only assumed to be the roots of an equation of the 
second degree y* — Jy + B = o. 

Solution. The values which x has by the different 
determination of its irrational magnitudes, are 

Vp + \/?» — \/p + Vq 
*fp — J <l<> — \/p— */q 

The mere inspection of these values shows, that when we 
substitute/) and q for each other, they undergo no further 
change, than that one is transformed into the other. 
Consequently in the rational equation derived from x= \/p 
+ Vq there is no change, when we substitute p for J, 
and it must .*. necessarily be a symmetrical function of 
these magnitudes, and consequently may be expressed 
rationally by the coefficients d y B. If .v we eliminate. 



• / 
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p and q by means of the given coefficients A, B, we 
obtain the required rational equation. 

But from x = \/p + */q. we obtain the equation 
(§ XCVIII.) 

** - 2 (p + q) x* + (p + qY = o 
or 

* 4 — 2 (P + q) x 2 + (p + q)°- — 4pj = o 
If in the latter equation we substitute forp + 9 and pq 
their values A and B> we obtain the required equation 

SECTION CXXI. 

Pbob. Make the equation 

x = Vp + V? + \/r + V* + .... 
rational ; when the m magnitudes p, q 9 r, 5, <&c. are not 
immediately given, but only assumed to be the roots of 
a given equation of the mth degree 

y» — jy—i + Bjf^ % — Oy" 1 - 3 + &C. = o 

Solution. If we endeavour to find all the possible 
values of x 9 which arise from the different combinations 
of the values of the roots, and then in these put the 
magnitudes p, q, r, s, &c. for one another in any way, but 
let it be the same one in all the values, the consequence 
will only be this, that these values either undergo no 
change, or merely that one is transformed into another. 
For let a, ft y, §, &c. be the roots, of the equation 

x 9 - 1 = o, and a\^+0\^+7\A+o\/5+&c. any 
value of x. Now, if it be possible, that from this expres- 
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sion, by any "substitution of the magnitudes p 9 q 9 r, *, &c. 
for one another, viz. by that otp for q 9 another expression 

»\^ + £\^ + y\/r+S\/*+&c. is generated, which 
does not belong to the values of x ; then there must be, 
contrary to the supposition, a combination of the values 
of the roots, which is not included in the values of x. 
Since . * . the values of x remain the same, however the 
magnitudes p 9 q 9 r, s, &c. are subtituted for one another, 

then must the rational equation derived from x = \//> 

+ V? + \/ r + \/* + &c. be a symmetrical function of 
these magnitudes, and consequently may be expressed 
rationally by A, B 9 C, &c. the coefficients of the given 
equation. If . • . we eliminate the magnitudes p 9 q 9 r, 
8 9 &c. by means of these coefficients, we obtain the 
required equation. 

Corollary. The equation, which we obtain under the 
condition of the problem, is consequently always of the 

same degree as the equation derived from x = \/p + 

V? + \/ r + \/ s + &c. when the magnitudes p, q 9 r, s, &c. 
are independent of each other. In the latter case, how- 
ever, the rational equation is of the degree nnnn... = n", 
when m denotes the number of the magnitudes p, q 9 r, 
s 9 &c. (§ CXVIII), consequently also in the former. 

SECTION CXXII. 

Rule The rational equation for 
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in the ease in which the m magnitudes p, q, r, s, Sec. are 
either wholly independent of each other, or the roots of 
an equation of the with degree, can only contain such 
powers of x, whose exponents are divisible by n. 

Pboof. Let 

12 fj. 

x> + Ax*" 1 + Ax*-* + + Ax*-* + ... = o 

be the equation, which arises from the multiplication of 
all the positive distinct equations of the form 

where *, 0, y 9 8, &c. denote the roots of the equation 
a" — 1 =o ; now it is evident, that the undetermined coeffi- 

cient A can contain no other numerical expressions of these 
roots, but those in which the sum of the radical expo- 
nents = fx. Now, since these always vanish, when 
fx is not divisible by n (§ XCVL 2), then likewise must 

the term Ax*"* always vanish. But when fi is not divisible 
by n, then also Ic—p cannot be divisible by n, because 
k=n m ; .*. all those terms vanish which contain i— ft, 
consequently the exponent of x is not divisible by 
n. Therefore the rational equation contains those terms 
only, in which the exponent of x is divisible by n. 
Q. E. D. 

SECTION CXXIII. 

P&OB. Let the m magnitudes ij> *, t, «, &c. be given 
by the to equations 

2 H 
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y* + Ayr x + By*-* + Cy^ + &c. = a 

v + A'r- X + B?*-* + Ur* + &c. = o 
f + ^r- 1 + B ,/ i^+ C'ir*+ &c. = o 

&c. 

consequently irrational : required to make the equation 

x = y + z + t + « + &c. 

rational. 

Solution. Since y is given by an equation of the jith 
degree, z by an equation of the vth degree, and so on, 
we have /i values for^y, v values for s, and so on. If we 
combine all these values in as many ways as possible, te 
the number y + z + t + u + &c, we find all the values 
of x 9 and consequently by the multiplication of all the 
distinct equations of the form a? — (y + £ + * + « + &c.) 
= o the required equation, which necessarily is of the 
degree /uv7r..., because the different values of y y z, t, 
11, &c. may be combined in this number of ways. Now, 
I assert, that with respect to the different values of y, 
which may be y, y, y ;/ , &c. this equation is symme- 
trical. For since the values of x in the substitution of 
these magnitudes, undergo no further change, than that 
one is transformed into another, consequently, also the 
equation itself must be such, that it undergoes no change 
in the substitution of the magnitudes, y, y f \ y n \ &c. 
Therefore, the magnitudes y', y 7 , y /7/ , &c. may be 
eliminated by means of the coefficients A 9 B 9 C, &c, 
What has been said here of y and its different values 
y, y 7 , y /x , &c. applies also to z 9 t, &c. and its values z\ 
*", z /// , &c. tf 9 «", t ,/f y &c. &c. ; and consequently these 



235 

magnitudes may also be eliminated by means of the 
coefficients A l 9 B f 9 C, &c. A", B", C" 9 &c. &c. In this 
way we likewise obtain a rational equation for x 9 which 
only contains known magnitudes ; and this is the equation 
sought. 

Example. Let x=y + z ; let the magnitudes^ and z 
be given by the two equations 

y z - Atf + By - C = o 

* z * _ A'z + B a o 

required to find the rational equation for x. 
The different values of x are 

y + *', y + *" 

y"'+ J, y<"+ z" 

Denote the sum of the first, second, third, &c. powers of 
these roots by Sl 9 S2 9 SS 9 &c. we then have 

si = 2 cy +y / +y / o + so'+s") = *a + sa' 
$2 = 2 cy 2 +y /2 +y //2 ) + *&+y"+y")V+*') 

+ 3<y 2 -f* //2 ) 
= 2 (^* - 25) + 2^' + 3 (Jf /2 — 25') 

ss = 2(y 3 +y /3 +y //3 )+3(y 2 +y /2 +y //2 )(z / +^ / ) 
+ s(y + y + /") (^ + s" 2 ) + 3(* 73 + a 773 ) 

= 2 (,4 3 - 3.45 + SC) + 3 (^* - 25) 4' + 

3^ (A /2 - 250 + ( 3 ^ /3 - 3A ' B ') 

&c 

i 

Thus having calculated the values of Sl 9 S% 9 S3 9 &c. 
when the required equation is represented by 

x * _ jfj* + Ai K - Ax* + Jx*-r-Ax + J =o 
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we then obtain its coefficients, by means of the equations 

I AS\ - S2 

A = 8 

6c 

SECTION CXXIV. 

Pkob. Let/: (y) (z) (t) (u) denote any rational 

function of the magnitudes y 9 z, t> «, 6c., which are 
represented by the same number of equations 

y* + JyT x + B 2T^ + tyr* + 6c = o 
*■ + Bz^ 1 + Bz^ 2 + C**-* + 6c = o 
f + AV + Btr* + Ctr* + 6c = o 

find an equation for the values of this function. 

Solution. Put x = f: (y) (*) (t) (u) ..., find all the 
possible values of this function, and from these form the 
equation for x : then eliminate the values j/, y" 9 yf n 9 6c 
of y, by means of the coefficients A 9 B 9 C, 6c of that 
equation by which this magnitude is given.; which 
may always be done, because the equation for x must 
necessarily be a symmetrical function of the magnitudes y, 
}/'* j/"* & c * ^ we proceed with s, t, w, 6c in, the same 
way as we did with^y, we obtain an equation for. x 9 whose 
coefficients are all known ; and this is the required equa- 
tion. 

Corollary. In order to find all the values of x 9 we 
must combine the ji values of y 9 the v values of *, and 
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so on, in, all possible ways in the function f: (y) (s) (t) 
(w)... But it is evident, that the number of these com- 
binations = ju,v7r... ; consequently also this product gives 
the number of the values of x> and . • . the degree of the 
transformed equation. 

If the function only contains the magnitude y, or if 
# = jf.' O0> tnen tne equation for y is only of the fith 
degree, consequently in this case, the transformed equa- 
tion is of the same degree, as the equation by which y is 
given. 

SECTLON CXXV. 

Prob. The unknown magnitude x is given by the 
equation of the nth degree, viz, 

x n + Px°-* + Qx"- 2 + JRa"- 3 + &c. = o 

the coefficients P, Q, &c. however, are not given imme- 
diately, but merely all assumed to be. known {unctions of 
a magnitude y, which depends, on an equation, of the nth 
degree 

y» + Jgr* -fr Byr* -b Cyr* + &c. = o, 

required to find an equation for x 9 which only contains 
known magnitudes. 

Solution. Denote the roots of the equation y* -f 
Jyv-t + to. = o by y, y, y"', &c. r and introduce these 
values into the functions P, Q, &c. Now if we denote 
that/ into which these functions are* transformed* when 
we substitute in themy, y", yf», &c/ successively fop^, 
by P', Q!, &c, P",.Q!\ &c. P<«, Q/»; & c . &c. ; we then 
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obtain the following fi equations, all of which must 
obtain at the same time : 

of + P'jT-* + QV- 4 + J?'**" 3 + &c. = o 
x* + PV- 1 + Q"*"- 2 + jR'V 1 - 3 + &c. = o 

of + P"'**- 1 + Q"x*-*+ R f "x- 3 + &c. = o 

&c. 

The product of these . * . gives the required equation. 

But since these equations are such, that in the trans- 
position of the magnitudes yf> j/ 7 , y 77 , &c no other 
change takes place, but that one is merely transformed to 
another ; consequently their product suffers no change in 
their transposition, and . • . with reference to yf , y", y"', 
&c. they are symmetrical. Therefore these magnitudes 
may always be eliminated by means of the given coeffi- 
cients A, B 9 C, &c. 

Corollary. But conversely, every equation of the n^th 
degree, which can be considered as arising from the elimi- 
nation of y in the two equations x* + Pr*"" 1 + &c. = o, 
y* + AyT' 1 + &c. = o, may always be solved, if the 
solution of equations of the 72th and juth degrees be pre- 
supposed ; for the second equation gives the value of y, 
and when we substitute this value in the first equation, 
then the latter gives the value of x. 

section cxxvi. 

Prob. The unknown magnitude x is given by the 
equation of the nth degree, viz. 

x* + Ptf"~ l 4- Qx*~* + Rx»~ 3 + &c. ss o 
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It is assumed, that the coefficients P, Q, R 9 &c. are 
functions of the magnitudes y 9 z 9 t 9 u, &c., and that these 
magnitudes are given by the equations 

y* + Ay**- 1 + By*-* + Cy*- 3 + &c. = o 
z> + A'r- 1 + B'z*-* + CV- 3 + &c. = o 
** + A"tr- X + S"**-* + C"r- 3 + &c. = o 

Find an equation forx, which contains known magnitudes 
only. 

Solution. In the first place we consider P, Q, R 9 &c, 
merely as functions of j/, and eliminate these magnitudes 
by the method in the preceding § ; then we obtain an 
equation for x 9 of the w^ith degree, which only contains 
the unknown magnitudes z 9 t 9 u 9 &c. If in the same way 
we also eliminate the magnitudes z, t 9 u 9 &c. successively, 
we shall at length get an equation of the nfivir. . .th degree, 
which only contains x and the known magnitudes A 9 B 9 
C, &c. A' 9 B l , C 9 &c, A", B" 9 C", &c. &c. and 
which consequently is the equation sought. 
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VI.— General inquiries respecting the trans- 
formation OF EQUATIONS. 



SECTION CXXVII. 



AT the end of the fourth chapter the transformation 
of equations and Tschirnhausen's method were mentioned, 
and its application to the solution of equations of the third 
and fourth degrees. This is now the proper place to give 
some deeper inquiries respecting it, in order that we may 
ascertain, what may he expected of this method in its 
application to equations of higher degrees. 



SECTION CXXVIII. 

Prob. Let 

x n + Jx- 1 + BaT- 2 + CV- 3 + &c. = o 
be the given equation, and ' 

x m + ax*"- 1 + fcr 1 "-* + + kx + l—y 

the auxiliary one ; consequently the transformed equation 
for^y is of the nth degree (§ LXXXI), viz. 

y" -f Sy" -1 4- %*"-* + Cy n_3 4- &c. = o 

Show in what dimension the coefficients a, i, c, &c. of the 
assumed equation enter into the coefficients % 3$, £. 



« 
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Solution. If x y 9 x" 9 x"' 9 &c. denote the roots of the 
given equation, then the transformed equation y* + 
Sty* -1 + &c. = o has the following roots : 

y = x /a + or"— 1 + to/"" 2 + + to* + I 

y" = *"* + ax"— 1 + fa"*-* + + fcr" + / 

y//- y//« +aj ///— 1 + fo///— * + % + kx"' + / 

&c 

Now, since the coefficients 9, 38, tf , &c. are the sums of 
these roots taken singly, two and two, three and three, 
and so on, we may . * . conclude, that the letters a, 6, c, &o. 
occur in 9 in the first dimension, in 3$ in the second, 
in C in the third, and, generally, in the pth coefficient in 
the pth power. 

SECTION CXXIX, 

Pbob. Required to find of what degree the auxiliary 
equation 

of* + or*- 1 -f bx"-* + + kx +l=y 

must be, when it is possible to transform the general equa- 
tion of the nth degree 

a* + AxT 1 + BoT- 9 + CaT* + &c. = o 

into an equation of two terms of the form 

y-F=o 

Solution. In the equation y — F=o, n—1 terms 
are wanting ; . • . the auxiliary equation contains as many 
undetermined magnitudes a, ft, c 9 &c. by determining 
which, we are enabled to eliminate these terms ; it must 
consequently be of the n— lth degree, and .*. m=n— 1< 

2i 
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SECTION CXXX. 

> 

Prob. To transform the given equation i 3 — Ax* + 
Bx — C = o into one of two terms if — F= o, we must 
assume the auxiliary equation x 2 + or + b = y (preceding 
%) : determining, a priori, the degree of the equations, 
on which the coefficients a, o, depend. 

Solution .1. If we denote one of the two primitive 

roots of the equation y 3 — l=o by *, and put S/V—j/* 
then y, aj/ 9 a q j/ are the three roots of the equation 
y 8 — V = o. Each of the three roots x y 9 x", a/ 77 , of the 
given equation corresponds to one of the values o£y: 
which ? It remains undetermined. 

2. If we combine the values of x in all possible ways 
with the values of y, we then obtain the six following 
combinations : 

//, «/, *V\ /y', «/, *y\ 

W 9 x", a"'/' V, *"', a" / 

/y, «y> «Y\ /y, *y, *y\ 

m «y,ay\ /j/ x , y, «y\ 
Vx"',*v ^ /• W 77 ,* 77 , ^ ; 

3. If the values of x and y, which correspond to each 
other in the first combination, be substituted in the 
auxiliary equation, we obtain the three equations : 

x /z + ax' + b ss . y' 
f //2 + wx" + 6 ss ay 7 
x 777 ** ax" 7 * 6 = *V 
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and by means of these equations the values of a and b 
may be determined from i f > x", x /y/ . In the first place, 
in order to determine a, multiply the second equation by 
<*, and the third by *% and then add it to the first ; thus, 
since * 4 == * 3 . * = *,. and 1 + * + * 2 = *[1] = o, 

a/* + 4,^/2 + w* + atf + erf/ + a///) = o 
we obtain 



a = 



^ + ax" + ««*'" 



4. From the remaining five combinations in 2, there 
may be found five other values of a. To effect this, however, 
it is not necessary to begin the calculation anew : for since 
the above combinations only differ in this, that the roots 
x / 9 x // 9 x /// are transposed, we can even, take the trans- 
position found in the expression for a. By these means 
we obtain the six following values . 

a /* + *a/ /2 + «V //g j/« + ox 1 "* + *x"* 

"? +«*" + •«*"'' 3/ + *x"' + **X // 

x m + ox"'* + »V 2 *" /g 4- *x"* + * V g 

*" + «*"' + aV ' *"' + off" + «V 
x ///2 + ^ + a V /2 *"* 4- oX* + * 2 j: ///2 



/// 



x 7 " + «^ + A" a/' + iri/" + « 2 x 



5. But of these six values, only the two first, which 
are opposite to each other, are actually different. For if 
in these two values we multiply both the numerator and 
denominator by « 2 , we then obtain the next two ; and 
from these again the . two last, by multiplying the 
numerator and denominator by « 2 
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6. The coefficient a . • . has only the two different 
values 

j/g + gj/tt + »y//» x /» +«g"*+«yg 

and consequently it depends merely on an equation of the 
second degree. 

7. Further, if we add the three equations in 3 together, 
we obtain 

a* + j* * + j/"* + a (*' + *" + *"') + 3b = o 
or 

[2] + a [1] + Sb = o, 

and when in this we substitute for a its two values, we 
then also obtain for b two values, and consequently this 
coefficient also depends on an equation of the second 
degree. 

Corollary. If we wish actually to find the equation for 
a, then let 

<* — Pa + Q = o. 

The roots of this equation, then, are the two which were 
found in 6, and we have . * • 

x* + *x"* + A"» x» + ix"" + «V? 
jf + *x" + * V" + x/ + «*"' + •«*"' 

~ [2] + (* + **) [1*] 
Q J 72 + «*"» + «V' " j^ + .rfin + a*x"* 
Xf + a X // + *V" X ^ + «*"' + «V' 

= M + (* + «*) [&] 
[2] + (a + «*) [l*] 
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If in these we put for the numerical expressions their 
values taken from the annexed tables, we then obtain, 
since a + o 2 = — 1, 

%A* - TAB + 9C 



P = 



Q = 



J* -SB 
4*-4m<P.B + & + 6AC 



A* -SB 

If we substitute these values of P and Q in the equation 
€? — Pa + Q = o, we then obtain by its solution the 
two values of a, expressed by the coefficients A 9 B, C of 
the given equation. 

Having, however, found the two values of a, we then 
obtain from them the two values of b 9 by means of the 
equation (7). 

"" 3 

SECTION CXXXI. 

Pbojb. To reduce the given equation of the fourth 
degree x*—Aa?+Bj?—Cx+D=zo to an equation of the 
form if — fy -j- Z=o, we must make use of the auxiliary 
equation 3?+ax+b—y : required to determine, a priori, . 
the degrees of the equations, on which the coefficients a, fc, 
depend. 

Solution 1, Since in the transformed equation there 
are only even powers of y 9 then two and two are equal and 
opposite each other. If . • . we denote these by j/ 9 —tf y , 
y , — y 7 , and the roots of. the given equation by x f r x n 9 
x'" 9 x /v y we then have, when these values of x andj/ are 
made use of in the auxiliary equation, 
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x* + ax* + b = y 

x / ' / * + ax"'+b = y / 

If we add the two first and the two last of these equations 
together, we obtain 

a/* + J* + a (*' +x // ) + 2i = o 
,///!+ *"* + a (X 7 " + i /F )+2i=o 

and hence 



a = 



V + *"-*"' --a/ 1 



2. Since it matters not, which values of x and y are 
considered as belonging to each other, consequently a has 
not only this single value, but all the values at once, 
which can arise from all the possible transpositions of the 
roots. But the function which was found for a, belongs, 
as may be easily seen, to that class of functions, for which 

/; (a/) <*") (a/") (*") =/; (*") (x/) (*">) (x") = 
/; (a/) (*") (a") (z"0 = /; (a/") (*") (*0 <*") 

consequently to the same class, which we have treated of 
in the second example, § LV. This function . • ., as was 
there found, has no more than three different values, 
which are given by the types/: (xf) (*") x (xf f !) (x 17 ), 
f: (X"') (a/) <V") Or"), /•• (*") (*"0 (*"> «)• K 
for these symbols we put what is denoted by them, we 
then obtain the following three values for a : 

~> + x" - x'" - x /v 
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~V" + a/ -a/" -x" 



and consequently the coefficient a depends on an equation 
of the third degree. 

3. Further, if we add the four equations in 1, we 
obtain 

x'*+x / " + x''* + x / ™ + a(x'+x''+x / "+x'' r ) + 46= o 
or 

[2] + a [1] + 46 = o ♦ 



>• • 



ft] + a [I] 

•" 4 

Now, since a has three values, 6 has also three, and con- 
sequently 6 depends on an equation of the third degree. * 

Remark, Hence, if it were required, we could find the 
equations for a and 6, by the method sufficiently well 
known from the third chapter; but since this subject 
possesses no difficulty, I shall not detain my readers any 
longer with it. 

SECTION CXXXIT. 

, Pbqb. To reduce the equation of the fourth degree 
a? 4 — Ax? + Bx 2 — Cx + D = o to one of two terms, 
y A — P=o, we must assume an auxiliary equation with 
three unknown magnitudes, because three terms must 
vanish. Let x z + ax 2 + bx + c ~.y l?a this auxiliary 
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equation. Required to find the degree of the equations, 
on which the coefficients a, i, e depend. 

Solution 1. The roots of the equation if — F = o are, 

when w*jirt\/Vi*y 9 y 9 -y? 9 + tf</-l-gr<s/ - 1. 
The roots of the given equation x / 9 x // 9 *"', x f¥ 9 may cor- 
respond to these values of ^ in 1.2.3.4 = 24 different 
ways ; viz. as often as these values can be transposed* 
For while these are undetermined, it is quite immaterial, 
which values of x and y are considered as belonging to one 
another. We can, however, as was also done in the two 
preceding sections, combine the values of x andjf together 
in any way we please, and then introduce in the results 
the above-mentioned transpositions. 

2. The substitution of the values of x and y in the 
auxiliary equation gives 

x" 3 + ax"*+ hi" + c =-y 
W x"'*+ax"'*+bx"'+c=: 2/J-l 
*"*+ aj/ Vi + bx' v + c = -t/V-l 

3. If the two first and the two last equations be added 
together, we obtain 

x* + x"* + a(x* + x"*) + hi*/ + *") + 20 = o 
x""+ a/ w + «(*"*+V") + b (x /// +x fV ) + 20 = o 

and when these again are subtracted from one another 
+ &(* / + a"-JE" / ~x")a« 



i 
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. 4. But if we subtract the two first and the two last of 
the equations (<£) from one another, we obtain 

and if we multiply the second of these equations by \/— 1, 
and then add it to the first, 

+ a [a/2~x"*+ (*""-*"■) V- 1] 

5. Since this equation, as also the one found in 3, 
only contains a and 6, . \ they can conjointly serve to 
determine these two coefficients. Thus if we eliminate b 
and, for the sake of brevity, put 

/ (x /a +x //3 -x //n -x /r3 ) (x / -x y/ )\ _ 
V_(^_y/3) (s/ +x "_ j/" _ x") ) ~ M 

(x / *+x"*-x'" a -x /r *) (x / -x f/ ) \ _ 
- {3/* - x"*) (x/ + x"-x J "-x' v ) I ~ 

1 {x»+x"*-x"»-x»*) {x"'-x") \ _ 

V~(^«_x'«) (x / + X // -X M -X /r ) J ~ Q 

we then obtain the equation 

M + N V — I +(P+Q*/ — l)a=o 
and hence 

J/+JW-1 



( 



a 8 — 



P + Q^-i 



6. If in the . functions denoted by M, N, P, Q, we 
substitute *"' for a/, ^ for x", a?" for x w , and ^ for 

2 k 
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x /r , then M is transformed into— JV, N into M, P into 

— Q, and Qinto P. Therefore the expression found for <z, 

by this substitution, is transformed into— ^ Q p / ; •> 
or, if we multiply the numerator and denominator by 

— v — l, into — D - -^ — j— , consequently the same as 

* "rW. v — 1 

before. The expression for a belongs • • . to that class of 
functions for which 
/: (a/) (*") (i^) (i /F )=/- (*'"") CO (*") (*0- 



7. From this equation we obtain (§ LIV) the follow- 
ing period of equal types : 

/; <*0 {x") (x'») <*") 

/: (*"') (*") (*") 00 

/; (i'O (*0 <*") <*"') 

/; (a/") (*'") («0 (*") 

Amongst the 1 . 2 . 3 . 4=24 values, which the coeffi- 
cient a contains by the transposition of the roots a/, x", 
j y// , a/ r , there are 6 times 4 equal values, consequently 
only 6 different ones, which are denoted by the following 
types: 

/: (*0 (x") (*"') (*") 

/• («0 (*") (O (*"0 

/; (a/) <*"') (*") (*") 
/; (a/) (*"') (*") (*") 

/: («0" "CO O") (*"0 
/: (*0 (^") (*"') (j//) 

and which are obtained merely by the transposition o£the 
three roots x", x"', x' r . Since .-. a has six different 



251 

values, these magnitudes consequently depend on an 
equation of the sixth degree. 

8. In the same way it may be proved, that b likewise 
depends on an equation of the sixth degree. For if we 
eliminate a instead of b in the equations found in 3 and 4, 
we obtain, when for the sake of brevity we put 

/ (x /3 +x" 3 -x ///3 -x /r3 ) (a/*-*"*) \ _ M 



( 



(^/3 + x //3_ ar ///3_ ;r /F 3) (j///*-^^ 



= P 



= Q 



/ ( x >+x J >-x" / -x /v ) (*"-*"*) \ 
y-lc/^x") {x' i +x" i -x" /t -x' ri ) ) 

/ (x' + x"-x" f + x"'){x"'*-a/ y!l )\ 
^_( a ///_ a /") { x /i +x //2 -x J/ ' i -x /ri I 

the equation 

M+N*/-l+b (P+Qs/~l)=o 

and hence 

. M+NV-l 

b ~ P+QV-i 

t 

If we substitute the roots x J 9 x // 9 a/ 77 , a/ 7 , for the roots 
x /// 9 # 7r , x J \ x / f respectively, then the expressions M, JV, 
P, Q, are respectively transformed into — JV 5 Jl/, — Q, P ; 
and .*• it may be shewn, as in 6, that the expression 
found for b is of the form /: {x / ) (x") (x /// ) (x /v ) = 
/; (a/ 77 ) (xf y ) (a/ 7 ) (a/), and consequently has no more 
than six different values. Consequently b also depends 
on an equation of the sixth degree. 
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9. If the four equations in 2 be added together, we 
obtain 

[3] + a [2] -f b[l] +4c=o 

[3] + a[2 ] +ft[l] 
c -- 4 

consequently if the coefficients a and 6 are found, we 
then also have c. 

10. Therefore the magnitudes a, 6, depend on equa- 
tions of the sixth degree, and consequently the transform- 
ation required in the Problem is not practicable, when 
these equations jure not reducible to equations of the 
second or third degree. But of the possibility or impos- 
sibility of such a reduction, we can convince ourselves 
syllogistically without completing the calculation, as the 
following § will show. Moreover, I must again remind 
my readers, that the magnitudes a and ft, are homoge- 
neous functions of the roots x' 9 x JJ i x //f > x JV 9 (§ L) ; and 
it . will be seen from the following chapter, that in this 
case it is quite sufficient, merely to have found one of 
these two magnitudes, because then the other may always 
be derived directly from it, without its being first neces- 
sary to solve a new equation. I shall . ' . merely confine 
myself to inquiries respecting the equation for a. 

section cxxxin. , 

Pbob. Required to find, whether the equation of the 
sixth degree, on which the magnitude a of the precetl- 
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ing § depends, is reducible to equations of a lower 
degree. 

Solution 1, In the preceding § we have seen that the 
six roots of the equation for a, are expressed by the 
following types : 



00 (a/') (*") (*"') 
(*0 (*"') (a^) (*") 

00 (o/ F ) (*"') (j/0 



/.• <*o (*") (*"') (*"). /■ 

/: (a/)(0(' // )(* /r ). /' 

/: (a/) (a") (j/0 (*"')■ /• 
I shall now assume, that the values of a, which correspond 
to the two first types, are the roots of an equation of the 
second degree, 

a 3 — pa -f- q = o 
then, according to the nature of equations, 
p =/; (j/) (a") (*"') (*") .+ /: (a/) (a") (a") (a"') 
9 =/.- (a/) (a") (a"') (a/*) x /; (a/) (a/ 7 ) (O (*"0 

2. However, from this compound form, it immediately 
fellows that p and q are functions of the form 

* ; (a/) (a") (*"') <a>0 = * ; (a0 (a") CO <*"0 
because in the transformation of the roots a/", a/ K , 
/: (aO (*") (a'") (a") into /: (a/) (a") (a") (a/% 
and conversely, when the last is transformed into the 
first, no change arises in the expressions for p and q. 

8. But by the preceding § the function denoted bjf 
is of the form 

/; (a/) (a") (a/") (a/ 1 ) =/: (a/") (a") (*") (a/) 

consequently also /> and q are functions of this form. 
Therefore p and 9 are functions of the form 
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*: <*0 {x") {sf») (*") = *: {x"') (O («") (j/y 
= ^; (^) (*») (x") (a/") 

and this form gives no more than three different values, 
viz. 

$ : <V) (**) (i y// ) (*") 

</> ; (a/) (x">) (x") (*") 

4. Therefore the coefficients p> q depend only on two 
cubic equations 

•p* - Ay + B f p + O = o 
<? - A"f + ^ - C"= o 

If, therefore, we denote the three roots of the first equa- 
tion by p\ p'\ p /// i and the three roots of the second by 
tf, qf\ q /// 9 we then obtain the three following equations 
of the second degree : 

a 2 — pfa + <f = o 
a 2 — j/'a + j" = o 

into which « • . the equation of the sixth degree for a may 
be analyzed. 

Corollary. If we substitute the roots tfj\ j/ f , for one 
another in the expressions M> N 9 P, Q, in 5 of the pre- 
ceding §, the expressions Jf and P remain the same ; the 
expressions N and Q, on the contrary, are transformed 
into — JV; — Q. If.-, we put 

/.• (*o (^o (^o (o = - y^Q^i; - 
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then 

/; <*0 (*") <*") (*'") = - jfl^lj 
Therefore 



or 



_ 2(MP+A T Q) _ M*+N* 

From these functions the equations for p and 9 may be 
actually found by the method given in the third chapter. 



SECTION CXXX1V. 

The results in the two foregoing Sections may also be 
immediately derived from considering the equations (<p) 
in 2, § CXXXIL Thus, in § CXXXII, in order to 
combine the four values of x with the four values of y in 
all possible ways, instead of pre-supposing a transforma- 
tion of the former, as was there done, we assume a trans- 
formation of the latter. The equations (0), by the first 
as well as the other transformation, undergo twenty-four 
changes ; and since each such change gives a value of a, 
we obtain twenty-four values of a, of which, as we have 
already seen, no more than six are different. 

This conclusion, however, might have been foreseen, 

i priori, without knowing the value of a. Amongst the 

twenty-four combinations of the roots. x\ rf', a/ /7 , a/ 7 with 

y>~y'> -V**/—!*-*-]/ */—i> there are also the following 
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x* + ax" +bx? + c = ,yV-I 
x"* + ax"* + bx" -f c =s -j/^-l 
x"»+ ax" n + bx"'+ e =-Y 

and these four equations might have been obtained from 
those in 2, § CXXXII, by substituting throughout 
j/ V— 1 fory. - However, by such a substitution as this, 
the value of a can undergo no change ; for after we have 
eliminated^, it matters not in the least what we sub- 
stitute for it Hence it follows, that these equations must 
give, the same value of a, as the former ; and since the 
former might also have been obtained from the latter by 
substituting the roots x / 9 x // 9 x /// 9 x/ v 9 for x/ n 9 x/ v 9 x // 9 x/ 9 
consequently it follows, that the expression for a must be 
such, that it suffers no change by the above substitution ; 
it must . *. necessarily be of the form 

^//(^Vo't^p (<)V/.- w") 'to (*") (*o 

which coincides with 6, § CXXXII. 
- If in the equations ty) in 2, § CXXXII, we. sub- 
statute** //«!-!,. for */~l, we again obtain a new set 
x*£ equations, which onlydifier from the equations (^) in 
litis, -that: in the former x /r is combined with y \ f -* 1, 
«ad x"S.mth -*.y vV * ; whereaa in the latter the reverse 
of this is the ease ; we might .•. have obtained them also 
merely by substituting j/" for x' y . But hence it follows, 
that the expression for a must be such, that we obtain 
/: <V) (*") (*") (V") from/: (*0 (x") (*"0 (O 
when we merely put — >v/—l for */— 1, which agrees 
with § CXXXIII, Corollary. 

Further, since the functions p 9 q of the preceding $, 
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as sum and product of the two functions/: (a/) (x") 
(if") (x"),/: (j/) (*") CO (*"0» by the substitution 
of — a/— 1 for \/— 1 suffer no change, so likewise 
they undergo no change by the substitution of xf" for x / ; 
and they are consequently functions of the form 

*• (*0 (*") (*"') (*") = *• (*0 (*") GO (*"0 

and since they are also functions of the form 
<p ; (V) (*") («"') (V ') = ^ ; (a///) (V') (a") (V) 

because they are compounded of these ; it follows then, as in 
the foregoing §, that they can have three different values 
only, and they consequently depend on equations of the 
third degree. 

SECTION CXXXV. 

Pbob. To transform the equation of the fifth degree 
x* + Ax* + Bx 9 + Cx 2 + Dx + E = o 

in,to one of two terms y 5 — V ^ o, assume the auxiliary 
equation : 

x A -f ax 3 + £#* + cx + dssy . 

required to find the degree of the equations, which 
must be solved, in order to determine the coefficients 
o, b 9 c 9 d. 

Solution 1. If * denote one of the imaginary roots of 

the equation y — 1 -= o,- and we put V V = y, then 

y* »j/* **y,*y> te V> as we know* already, are the five 
soots «f *he equation y — F=o. If we introduce these 
value* of y, together with the values of x, into the 

2 L 
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auxiliary equation, we then obtain the five following 
equations . 

x tK + ai* 4- bx'* + cx* + d = y 
x //4 + ^//s + bx //2 + cx // +d= *tf 

i""+ ax'"* + bx'"* + cx"' + d = «y 
^ 4 + ax /KS + bx*** + cx /r + d = *y 
* F4 + ax™ + kr r * + ci r + d = «y 

2. By these equations, which, with reference to a, 
b 9 c, d, are only of the first degree, we can express 
each of these coefficients by the roots j/, x // 9 a" 7 , j/ f , x k , 
and then, as was done in the foregoing § in equations of the 
third and fourth degrees, permute in the expressions thus 
found the above roots as often as possible ; in the present 
instance 1 . 2 . 3 . 4 . 5=1 20 times; the number of 
different values, which we obtain by these means, will 
then determine the degree of the equations on which 
the magnitudes a, i, c, d depend. But let it not be 
supposed, that the elimination, and also the comparison 
of the 120 results, are very laborious in themselves : 
another particular inquiry will always be required, if the 
equations obtained last cannot be reduced lower. We 
wish «*.to try whether, from the nature of the. above 
equations themselves, there are not certain indications by 
which we may more easily attain the desired object. 

3. Since the number of the values of each of the 
coefficients a, b, c, d, say a, (the same conclusions may 
be made for the others) has its foundation merely in this, 
that the values of x and y may be combined in more ways 
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than one, it only remains to examine the results of these 
different combinations. But we obtain all the possible 
combinations of the values of x and y 9 when in. the above 
five equations we either permute the values of x 9 or the 
values of y in every way. If we make choice of the first 
method, and, according to Hindenburg's Rule of Permu- 
tation, let a/ retain its place in the first equation, when 
we transpose the roots x // 9 x f// 9 )x/ v 9 x v 9 we then obtain 
twenty-four sets, each consisting of five equations. If 
after this we introduce the roots x/ f 9 x/' 1 9 x /v 9 x v 9 succes- 
sively into the first equation, when we permute the 
four remaining roots, we then obtain 120 sets in all, 
each consisting of five equations, and consequently all 
the combinations of the values of x with the values of y. 
Each such set gives a value of a; .*• collectively 120 
values of a. 

4. Now I assert, that amongst these 120 values of a 9 
there are no more than twenty-four different ones, and 
that these different values are obtained from the first 
twenty-four sets. For, in the first place, it is easily seen, 
that it is quite immaterial whether we introduce the 
roots x // 9 x /// 9 x ,v 9 x v 9 successively in the first equation, 
and permute the other roots, or whether we substitute in 
all the five equations ay' 9 a?yf » z j/ 9 atj/, successively for 
y', and after each such substitution permute the roots 
x // 9 a/", x /v 9 x y 9 when a/ retains its place in the first 
equation. Now, since y* occurs only once in the value'of 
a, because it was eliminated at the very beginning in the 
above equations, so with respect to this value it matters 
not what we substitute fory; and . •., by the above-men- 
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turned substitutions, we shall find no other values than 
those which wc obtain, when we let d retain ha place, 
and merely permute the roots x" 9 x l " 9 a /F , x v * 

i 

5. Now, we are certain that the expression for a, 
which we obtain by actual calculation, is such, that 
amongst* the 120 values which arise from the transpo- 
sition of all the five roots, x 7 , x", x/", x' v 9 a? K ,« there are 
no more than twenty-four different ones, and that these 
last values are those which are obtained exclusively from 
the transposition of the four roots x" 9 x/ n 9 a/ r , xT. The 
equation for a .i. rises no higher than the twenty-fourth 
degree. We shall now see whether this equation cannot 
be reduced to others of lower degrees. » '■' 

6. Since we do not know the expression for a, we shall 
. * . immediately assume the transposition of the roots x", 
x /// 9 x Jr 9 x y 9 in the above five equations, while in this we 
set the first completely aside, because x 1 may be considered 
as a constant magnitude. For this purpose, according to 
Hindenburg's Rule of Transposition, we again let > x^ 
retain its place, and only permute the roots xf u 9 x/? 9 x v 9 
we then obtain six sets* each consisting of five equations* 
If, after this, we put x J/ \ a/ r , # K , successively for of 1 in the 
second equation, and after every such substitutions per- 
mute the other three roots, we then obtain in all the 
twenty-four sets of equations, which give the twenty-four 
different values of a. , 

7. Instead of the above method, we can also make use 
of the following one. First put in the above five equa* 
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turns **, a 3 9 a successively for <*, we then obtain, since 
* 6 =a, a 7 =r« s , a 8 =* 3 , &c., tke four following combina- 
tions of the values of x and if : 

' j/\ " a", a/", j/\ * y 

y, «y , *y , *y , «y 

y, •«/, *y, •/, *y 

y, *y, ay, *y, *V 
y,*y, *y, «y, *y 

and if we permute in each of these combinations the 
three roots a/", a/ v 9 x v , we then obtain the twenty-four 
combinations of the values of £ and 3^ which are possible 
only under the condition that xf continues to be combined 
withy. • > * 

8. If .*. we had expressed the coefficient a, from the 
five equations in 1, bythe roots a/ y .a/< 9 .*/''» a/ F , # F , it 
would only have been necessary, in ordes to find its twenty- 
four different values, to have- transformed * into*?,-* 3 * **, 
in each of these four values merely to have permuted 
the three roots a/", a/% oc v . 

9. Now, if we assume that the values of a, which give 
the four combinations innate the t&ote of an equation of 
the fourth degree* - ' : 

a 4 — pa 3 + qc? — • ra + s = 
and if we denote these roots by af 9 a", a 7 ", a /r , then 

prr^ + ^ + ^-f^ 

g ss dd' + aV + aV + a'V" + &c. 

s- i &C.ii ' < ' ** * ' 



> I: 
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Now, since the functions a', a /; , d u 9 a /r , are such, that 
by the substitution of « for « 2 , <* 3 , <* 4 , they merely are 
transformed into one another, consequently p, q 9 r, s 9 are 
symmetrical functions of the roots of; the equation 
y>— 1 =o, and . * . they cannot contain «. The functions 
p 9 q 9 r, 8, consequently contain neither %/ nor « ; and . * . 
in all the transpositions of the roots x / 9 x // 9 x /// 9 x /F 9 x y > 
have no more than six different values, viz. only those which 
arise from the permutation of the roots x /// 9 x lr 9 x Y . 

10. Consequently the coefficients p 9 q 9 r, s, all depend 
on equations of the sixth degree ; and if we do not mind 
the trouble, these equations may be actually found by the 
method given in the third chapter. But whether they are 
capable of any further reduction or not, will be seen in the 
sequel. I shall now only observe, that it is quite sufficient to 
solve one of these equations, viz, that for p> because then, 
as will be seen in the following chapter, the coefficients 
q 9 r 9 s 9 may be found directly. 

SECTION CXXXVI. 

Peob. To transform the given equation 
x 9 + Ja*- 1 + Ex*- % + Car* + &c. = o 
into one of two terms, viz. y — V = o, we assume the 
auxiliary equation 

x— 1 + axT- 1 + hx 9 -* + + kx + / =,y 

with n— 1 undetermined coefficients a, b, c, A, I: 

on the supposition that n is a prime number, required to 
determine the degrees of the equations, which must be 
solved, in order to find the assumed coefficients. 
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Solution 1. If we put \/ V = j/, and * denote dn 
imaginary root of the equation y — 1 = o, then y, »y', 

* 2 y, «y, ,. a" 1 */, are the w roots of the equation 

y— F==o. If we combine these values with the roots of 
the given equation, we obtain the following n equations : 

a*" 1 + ax'*- 2 + hx" 1 -* + + te + /= / 

*//-« + (W //fl - 8 + bx //n -* + + *a/ / + /= *y 

>/»-i + oa/ //a - 2 + bx f// *-*+ 4- fcr w + /=«y 

&c. 

from which we first eliminate y, and from the n — 1 
equations obtained by this elimination, the values a, b> 
c, d 9 &c may be determined by the roots xf 9 xf f 9 x J/, 9 x/ r 9 
&c. 

2. The coefficient a (and this, as well as what fellows, 
obtains also of &, c, d 9 &c.) in general contains as many 
values as the n values of x may be combined with the n 
values of j/, in sets of n -equations, as those in 1, on the 
condition, that every such set is different from the others 
in the same set. Of these combinations, however, there 
are exactly as many as there are transpositions in the n roots 
in the above set of n equations ; consequently the number 
of the values which the coefficient a can have = 1:2.3 

n. Consequently also the equation on which a 

depends, must be of the 1 • 2 . 3 nth degree, 

supposing that amongst these values there are no equal 
ones. 

3. When in the above equations we substitute *y, 
*y> «y> .......c. o^ x yf successively fbr y, we then 
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obtain n sets of equations, in which the values of x and 
y are arranged according to the following scheme : 

xf, x", *»', x? y , x% «» 

~~ V, «y, »y, -y. «y> -~y 

.y, -y, -y, -y. -y y 

«y, .y, «y» -y. «y» *y 

-y, «y, .y, «y, *y, «y 



of 
fv-1. 



y, «"-y, y» ^ -y» ,-«"y 

y, y, ^. «y> «y> «-y- 

Here we find, as may' be seen on inspection, xf always 
united with another value of y 9 while at the same time 
the remaining n— 1 values of x are combined with the 
remaining n — 1 values of y. If now, in each of these 
w, combinations we permute the roots a/\ x /// 9 xf r ...x iu) 9 
we ,then .always obtain 1.2.3 ...... n—1 combinations, 

and consequently from the whole together all the 1.2.3 
.»,♦., ,n combinations, in which the values of x can enter 
with the values of y. 

4. Jn order . • • to find the results of all the possible 
combinations of the values of x and y 9 • it is only necessary, 
jp the above equations, tQsubstitute *y', e?yf 9 ^y'^^^yf 
successively, for y' 9 ,then transpose the roots a/', x ,l !> x*\ 
..» x {n) in, all possible ways, and from each s set thus, ob- 
tained find a value of a; or, which is here the same, find 
first the expression for a, and then make use of the above 
substitution and transposition. But since y / has totally 
vajoishe^ in, the expression for a (1),jh> by,. the. substitu- 
tion of *y, «y, *y, *"-y fory, this expression 
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suffers no change, and .'.there are no more different 
values of this magnitude, than arise from the transposi- 
tion of the n — 1 roots ar", a/", x Jv i a? (fl> . 

5. Consequently the magnitude a depends on an equa- 
tion of the 1 . 2 . 3 n— 1th degree, and its roots are 

the values of the expression for this magnitude, which 
arises from the transposition of the roots x J, 9 a/", ... a^ . 
Hence, then, this equation may actually be found, by the 
method given in the third chapter, and may be expressed 
in known magnitudes. 

6. Since the unequal values of a belong exclusively to 
the 1 . 2 . 3 »— 1 sets, which arise from the trans- 
position of the n — 1 roots x", x /// 9 a/ F , aP\ in the 

above equations, it is allowable to consider the first equa- 
tion, together with its roots a/, y, as constant and inva- 
riable, and consequently we only require to take into 
consideration the n — 1 equations 

a/'"" 1 + ax"*^* + + fa" + I = */ 

a/"- 1 + ax"*-*+ + Jb /// + / = ay 

&c. 

If in these equations we transpose the roots a/ 7 , x"' } 
...x 00 , in all possible ways, we obtain all the combina- 
tions between these roots and the roots «y, a*y, a 3 t/ 9 
... a*~*y. But these combinations may also be found 
as follows. 

7. In § LXXXVII, Cor., it was shown that, when in 
the series of roots a, a 2 , a 3 , ... **~ l we successively substi- 

2 M 
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tate a?, a 3 , a\ of 1 for a, the same roots, bat in a 

different order, always present themselves. Hence it 
follows, that when in the equations in 6, we substitute 
successively a 8 , a 3 , a 4 , ...... a""* 1 for a, the n — 1 sets of 

equations thus obtained, only differ from one another in 
the combination at the values of x with the values of jr. 
Now since also every set has also another of the snagui- 
tudes */, «y, *y, ...... *°-y is* the first place, it 

Mows, that we obtain aU the combinations of the values 
of x with die values of y, when in each set we permute 
the n — 2 roots x'" 9 x /r , a 00 in the n - 2 last expia- 
tions in all possible ways. 

& The changes which we have effected with the equa- 
tions themselves, we can also effect with their result, the 
expression for a. Tims, if by the equations in 1 we have 
expressed the magnitude a by %\ a/ 7 , j/ 77 ,...****, we then 

substitute in it successively <s?, a 3 , a 4 , ^x" -1 for a, and 

permute in each of the values dins obtained, merely the 

roots a/ 77 , a 7F , x v t .r 00 , while we let x / and xf f retain 

their places. 

9* Now, if we denote the n— 1 values of a, which arise 

from the substitution of a?, a 3 , a 4 , a"" 1 , for a, by 

d', a 7/ , a /7/ , a 00 , and assume that they are the roots 

of the following equation of the n— 1th degree : 

a""" 1 — pa 11 ' 2 + ja"" 3 — ra*"* -f- &c. = o 

then the coefficients p, q, r, &c. merely as functions of 
a 7 , a 77 , a /7/ , .,..,. « ( "- l >, in like manner can have no 
more different values than the 1.2. 3 n— I, which 
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arise from the substitution of a for a*, a?, **, a"~ ! , 

and from the transposition of the roots a"', a/ K , **,. ••***• 
But since these coefficients are also at the same time 
symmetrical functions of a> a 2 , a 3 ,.... ..a ( *"* l) , consequently 

of the roots of the equation jr — 1 =sa; . • ., by the fore- 
going chapter, they must be rational, and consequently 
do not contain a. Wherefore these coefficients have 
no more than the 1 . 2 . S...n— 2 different values, which 
arise from the transposition of the roots j/", x fv 9 x v > 
.„ot n \ and .*. they all depend on equations of the 
1.2.3 n— 2th degree. 

10. Let 1.2. S »— l=/te, and let 

p» + ay~ 1 + BY' 2 + cy 1 ^ + &c. = o 

be the equation for p ; then, as is already known from 
the third chapter, the coefficients A' 9 B' 9 C 9 &c. may 
always be found, and expressed rationally by the coeffi- 
cients A 9 B 9 C, &c. of the given equation x* + Aa?~ x + &c. 
= o. If, then, we can solve this equation, and from it 
determine the values of p 9 then also we may, as will be 
shown in the following chapter, find the coefficients 9, r, s 9 
&e. directly, and without solving any other equation. Now,, 
if we denote the values ef jp, q 9 r, &c. which we thus obtain, 
by j/, f, r>, &c, ji", <(\ r", &c, j/", *"', r*» 9 &c. &e. 
we then obtain the following 1 . 2* . 3...»— 2 equations: 

cT l + pfiT* + q'cT* + SaT 4 + &fc = o 
oT * + pf'dr* + tf'aT 5 + ^o" 1 - 4 -f &©. = o 
oT l + &"*-*+ 4"cT*+ r"'(f-*+ &c 8 o 

&e. 

into which the equation for a in 5 may be analysed. But 
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whether or not the equation for p is capable of any reduc- 
tion, this is not yet the proper place to inquire. 

Remark. Hence it follows, that an equation of the 
nth degree, when n is a prime number, leads, according 
to this mode of transformation, to an equation of the 
1.2. 3...n— 2th degree; consequently an equation of 
the fifth degree to an equation of the sixth degree, and 
an equation of the seventh degree leads even to one of the 
120th degree ; and so on. 



SECTION CXXXV1I. 



Phob. All that has been said in the problem in the 
foregoing § obtains, only n is a compound number: 
determine the degree of the equations on wbich the 
assumed coefficients a, b> c, d, &c. depend. 

Solution 1. When we suppose a, not to be, as in the 
preceding §, any arbitrary imaginary root of the equation 
y— l=o, but only a primitive root of it, then indeed 
all the conclusions made in 1, 2, 3, 4, 5, 6, of the pre- 
ceding § are applicable to this case ; on the other hand, 
the following solutions, (7, 8, 9, 10), on account of 
this, very circumstance, must undergo some alterations. 
' Thus, if we substitute here, as in 7 of the preceding -§, 

in the series of roots a, a 2 , a 3 , a"" 1 the powers a 2 , a 3 , 

a 4 , a""" 1 indiscriminately for a, we shall not always 

find again the same roots, but this will only be the case 
for those powers amongst them, «y a*, of, &c. whose 
exponents v, ir, p, &c. have no common measure with n> 
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because these only are primitive roots of the equation 
y* — 1 =o (§ XCI). Thus, if a be a primitive root of the 
equation^ 6 — l=o, when in a, a e , a 3 , a 4 , a 5 , we succes- 
sively substitute a 2 , a 3 , a 4 , a 5 , for a, we obtain the follow- 
ing results : a 2 , a 4 , 1, a 2 , a 4 ; a 3 , 1, a 3 , 1, a 3 ; rt 4 , a 2 , 
1, a 4 , a 2 ; a 5 , a 4 , a 3 , a 2 , a, of which only the last con- 
tains again the same roots. 

2. Hence it follows, that what has been said in the 
preceding § in 7, and the following solutions, respecting 
the substitution of the roots a 2 , a 3 , a 4 ,.. -....a""" 1 for a, 
must be limited to a", a w , a*, &c. whose exponents v, tt, o, 
&c. have no-common measure with n. If .*. we assume, 
that X is the number of the primitives a v 9 a", a*, &c. and 
that the X values of a, which we obtain by the substi- 
tution of these roots for a, are the roots of the following 
equations : 

a x + pa x ~ l + qa x ~* + ra x " 3 + &c. = o 
consequently p (and the same obtains also of q y r, &c.) 
is such a function, as by the substitution of the root a 
for a", of, as 9 &c, or, which is the same, by the substi- 
tution of the root a/ 7 for # (v >, af?\ x(*\ &c. it remains 
unchanged. Now, since by these means all the 1 .2 . S 
...n—1 values of p, taken X and X together, are equal, 
it follows, that this magnitude depends on an equation, 
whose degree 

Moreover, in order actually to find the equation a x + 
pa x " 1 + &c.=o, it is only required in the expression for a, 
which we obtain from I of the foregoing §, to eliminate 
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the not a, by means of that equation which only contains 
the primitive roots, the method to find which was giveu 
in § LXXXIX. 

Rema&k. Therefore the equation of the nth degree, 
when ft is a compound number, leads to an equation of 

the — - — - — I th degree, in which X* denotes the 

number of the primitive roots of the equation x"— 1 =o ; 
consequently an equation of the fourth degree leads to an 
equation of the third degree, because the equation x 4 — 
l=o has two primitive roots, a and a 9 ; an equation 
of the sixth degree to an equation of the sixtieth degree, 
because the equation i^-lco has also two primitive 
roots, via. a and aP ; an equation of the eighth degree to 
an equation of the 1260th degree, because the equation 
x 8 — 1 = o has four primitive roots, viz. a 9 a 3 , of, a 7 ; 
and so on. 

From this and the foregoing §, it fellows, that the 
reduction of the equation x" + Ax** 1 -f &c. = o to one 
of the form if — V = o, always leads to a higher equa- 
tion than the given one itself, whenever the given equation 
exceeds the fourth degree. However, I shall not enter 
here into the proof of other methods of transformations, 
because the whole of this subject will be considered here* 
after in a higher point of view, to which this is only 
preparatory. 

section cxxxvur. 
When we make the equation x «= a \/P + * Vp* 
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+ C W + + IVr" 1 * or more generally the 

equation X = a + b \/p + c vP* + ^ *v P 3 *+* 

+ A: Vf" J rational, we arrive, as we know from the 
foregoing chapter, at an equation of the nth degree, which 
I shall represent by af + 9U*~* + 3&Z*"* + tf^" 3 4- &c. 
= q, in which the coefficients 3, 3$, C, 39, &c. are cer- 
tain rational functions of the magnitudes a, b 9 c, d, &c. 
and p. Conversely, if an equation of the nth degree 
of + Jx*" 1 + EsT* + CoF* + &c=obe given, and 
we assume that the roots have the above form, we then 
have, for the determination of a, ft, c, d, &c. the n con- 
ditional equations 9 = A, 3B = 2?, C=C, &c. If we 
solve these equations, and from them determine a, 6, c, &c. 
we then have at once the n toots of the given equation, 

when we substitute successively for S/p its n values. 

Consequently all depends on the solution of these con- 
. ditional equations. How difficult and troublesome this 
solution must be for equations of rather high degrees) 
may be perceived from the form of those equations, which 
were found for the fifth degree in 7, § CIX. Waring 
and Euler thought, that in this way we must arrive at 
the general solution of equations, by properly arranging 
and finishing the calculation, without regard to the trouble. 
But this trouble may be spared by subjecting a priori 
(as M. Lagrange does in the third volume of the New 
Memoirs of the Berlin Academy) the method to a preli- 
minary proof. 
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SECTION CXXXIX. 

Prob. Let it be assumed that 

x=a + b*y p+c\/ f+d\/f+ ...... +k\/f~ l 

is a root of the given equation 

x tt - AjT- x + BiT* - Cx*~ z + &c. = o 

on the supposition that n is a prime number, required to 
determine the degrees of the equations on which the coeffi- 
cients a, by c 9 d 9 &c. depend. 

Solution 1. Put \/p = y ; then y 9 ay 9 fly, yy 9 8y, 

&c. are the n values of \/p 9 when 1, a 9 0, y 9 S 9 &c are 
the n roots of the equation x n — 1 = o. If . • . we 
denote the roots of the given equation by x / 9 x // 9 x /// 9 &c. 
we have the following n equations : 

xf =a+ by+ cy 2 + dy 3 + -f- ley* 

x" =a + aby + c?cy* + c?df + + a"-%" 

x w =a + /%+/% 2 +/?dy , + +/S*-%*- 1 

x /y =a + yby + y*cy*+y s dy 3 + +y n -*lcf~ l 

&c. 

from which the w unknown magnitudes a,b 9 c 9 d 9 k 9 

must now be determined. 

2. If we multiply these equations, in the order in 
which they stand vertically, first by the powers 1, a a 9 0% 
y* 9 &c, then by the powers 1, a"" 1 , /S" -1 , y n ~ l 9 &c, after 
this by the powers 1, a*"*, gT* 9 y*~~* 9 &c., and so on.; 
lastly by 1, a, 0, y 9 &c., and add the n results ob- 
tained by every such multiplication together; we then 
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get, since *[n] = n, and every numerical expression 

][p]> whose radical exponent p is not divisible by n=o, 

na=a/+ x"+ x"'+ a/ K + &c. 

ny6=a/+a- : V / +^V // +7 ,, "V r + &c. 

ny a c=a/+a^j/ / +^-V // +7- a y F +&c. 

ny>d=x'+cf-*x // +ff > -*jc // '+y'^x' v +&c. 

fgr 8 tsj/+<^E // + £V /y + yV F + &c. 
wy- , Ar=^+ <*r"+ /&/" + r a/ r +&e. 

3. Hence now we may immediately determine a ; for, 
since a/ + x" + a/" + * /F + &c. = [l] = A, we then 
obtain from the first equation 

A 
n 

Consequently a has only one single value ; on the other 
hand, all the remaining magnitudes &, c, d 9 ...... t, A:, 

have more values than one, which may be obtained from 
the n — 1 following equations, by transposing their roots 

a/, a/', a/", o^ n) in all possible ways. The equation 

on which each of them depends, is .•. generally assumed 

to be of the 1 .2 . 8 nth degree. But if amongst 

these values there should be any equal ones, or any re- 
lation amongst them, then the degree of the equations 
can be reduced. . 

4. Since one of the n+1 magnitudes a, b, c, rf,...&,p, 
may be assumed to be arbitrary, we shaft put p = 1 ; 
.• . also j/ =1. At the same time, in order to make the 
formulae more simple, we shall put 

2 N 
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k = — , t = — , A= — , 0= 

n n n » 

By these means, if we omit the first, and set dpwn the 
others in an inverted order, the equations in g are trans- 
formed into the following ones : 

a/ = a/ + arf 1 + fa"' + yx*" + &c. 
a" = a/ + a**" + /3V" 4- j**" + &*. 
a!" = x 1 + a*x" + /3V" + yV K + &$. 

a*-" = x 7 4- a-' *" -f IS- 1 *"' 4- -f~ l i' T + &c 

5, Since the roots of the equation x* — 1 = o (because 
by the hypothesis it is a prime numhei) may be expressed 

by 1, a, a*, a 3 , a"" 1 , let a denote any imaginary 

root whatever ; then we can put a*, a 3 , **, &c. for 0, y , 8, 
&c. ; by these means we obtain the first equation 

of = a/ + ax" + <*V" + *V F + + of 1 *<•> 

and the values of al\ a'", o /f , a (IHrl) are derived from 

this value of a 7 , when we substitute a e , a 3 , #S ...... of 1 

for a, consequently when we substitute for a every imagi- 
nary root of the equation y*—l =0. If •* . undetermined 

t denote each of the magnitudes a', a", a /7/ , a ( *~ ! , 

then 

e = *' + ax" + aV^ + a*i/ y + + cfW* 

6. Now, in order to find all the values of which t is 
capable, it is only necessary to permute the rooted/, x"^"', 
af*\ in all possible ways. For our purpose, how- 
ever, it is more convenient, in this case, to proceed as 
follows : 1st, we only transpose the it ~* 3 roots xf" 9 x /r 9 



275 

m 

x F 9 a! n \ while we let i 7 , */' retain their places, 

consequently we obtain 1.3.3 n — 2 results; 

2ndly, we put in each of the results thus obtained, first 
a\ afterwards a 3 , then a 4 , and so on, and lastly a*" 1 for 
a; then generally we have 1.2.3 ...... n — 1 results, 

which we should also have obtained, if we had let rf 
retain its place, and merely transposed the roots #", xf ,h y 

x JV x w ; Srdly and lastly, we multiply the 

1.2.3 ...... n — 1 results so found, successively by 

a, a 2 , a 3 , a^" 1 , and we obtain, together with the 

former, the 1 . 2 . 3 » results, which arise from the 

transposition of all the roots a/, #", xf /f y ot n) and at 

the same time also all the values of t. 

7* If .'. we denote the 1 . 2 . 3 n— 1 values of 

t 9 which are obtained by the two first operations, by 

t't t"> tf", tf v , &c, then all the 1 . 2 . 3 n values 

of t may be expressed in the following way : 

*', cdf, a 2 f, «V, «V, ......... aTH f 

«", at", cfitf', aH", aW, aT**' 

*"', at'^oV", oM">aH"', aT-H"' 

&c. 

If we put H n = 0', t //n = 0V as V" &c, then the 
values in the first horizontal series are the roots of the 
equation t* — W = o,, those in' the second series are the 
roots of the equation- C-fco, &c. ; consequently the 
equation for t is the product of the equations 

t*-6V«o, t*-0"zcoi r~P"=to 

Ac. 
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8. Hence it follows, that the equation for t only con- 
tains such powers as are divisible by n. If . • . we put 
t"=0, so that 

= (x / + ax" + aV" + a 3 / + + a- 1 *™) 

we then obtain an equation for of the 1 . 2 . 3...n— lth 
degree, whose roots are W 9 0", 0"', &c. which we obtain 

from 0, by transposing the n— 1, roots a/'* x /// x /v 9 s* 

and allowing x to retain its place. 

9. Instead of transposing the roots x // 9 xf tf 9 x! v .. *...&*> 

in the expression 0, it will be quite sufficient, as in t, 

merely to permute the n— 2 roots a/", x fv 9 x r 9 J U) , 

then substitute a- 9 a 3 , a 4 , a*" 1 for a, and in the 

n — 1 values of thus obtained, transpose the roots x f// 9 
7 /y r v r («) 

10. We now assume, that the n— 1 values of 0, which 

arise from the substitution of a 2 , a 3 , a 4 , a*" 1 for a, 

are roots of the following equation : 

{J) 0- 1 ^- 1 ,0« +? 0^-r0 a - 4 + &c. =o; 

then the coefficients p, q 9 r, &c. are functions of these 
values, and can .*., as is the case also with these last, 
suffer no change by the transposition of a/. But since 
they are also symmetrical with respect to these values, 
consequently they can likewise undergo no change by 
the substitution of a 2 , a 3 9 a* 9 ...... a*" 1 for a, because the 

only consequence arising from this substitution is, that 
of the n — l values of 0, one is merely transformed into 
the other. Hence, however, it follows, that these coeffi- 
cients can have no more unequal values, than those 
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which arise exclusively from the transposition of the 

n — 2 roots a/ 7/ , a/ F , x v , rf*\ and that consequently 

they all depend on equations of the 1 .2 . 3 n— 2th 

degree. 

11. Therefore the equation for 0, which, as we have 

seen, is of the 1 .2.3 n — lth degree, may always, 

when n is a prime number, be analyzed into 1.2.3... 
... n — 2 equations of the n — ith degree. Now, if (A) 
be one of these equations, and (P, 0", W ( "" J) 

its n - 1 roots, then V^, \/tf", \/W"> \Z&~ X \ 

are the corresponding values off, or of af, a", a f// y 

... a { *~ l \ and if we substitute these values in any order in 
the expressions in 4, we then obtain 

n n n 

consequently, since we have put p = 1, 

n n 

But that for only those of the 1.2.3 n — 1 

values may be assumed, which belong to one and the 
same equation, it matters not which, 0""" 1 — p 0""*+&c. 
= o, appears from this circumstance, that the n — 1 
values of f, consequently the corresponding values of 
must so depend upon one another, that we obtain them 
all, When in one of them we substitute a 2 , a 3 , a 4 , ..... a*" 1 
for a ? 5. 

12. If we wish actually to find the equation (J), first 
of all we solve the function 
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B = (V + «" + «**"' + + *-*&? 

according to the powers of *, which may very easily be 
done by means of the polynomial theorem. But since 
a", a* 4 " 1 , a***, &c. are no other than 1, a, a 2 , &c. conse- 
quently this development, after the proper reduction, 
takes the following form : 

g/ + g//« + £"'«* + J"V + +PV 

and £', £ /7 > 5 7// * 5 ( """ l) are mere functions of xf y x", 

a/ 7 ', x { *~ l) without a. If in this value of 9 we put 

a 2 , a 3 , a 4 , a*" 1 successively for a, or, which is the 

same, /?, 7, S, &c. for a, we then obtain the values of 0", 
«",•"', o v °- ,) , viz.: 

fl 7 = 5/ + g/'a + 5"V + + ffV" 1 

r = ? 7 + %'e + 5"'* + + jw/r 1 

e 777 = r + 5 /7 7 + 5"Y + + sv* 

&c. 

from which the equation (^) may be compounded in the 
usual way. The coefficients p 9 q, r 9 &c. are then still 

functions of the roots x / y x // % a/ 77 , rf% but such, that 

they only change when the roots tf n y a/ y , x r t * x w 

are transposed. The equations for these functions may 
be found by the method given in the third chapter. 
Moreover it is quite sufficient,, as will be shown in the 
following chapter, to find one of these equations* for 
instance, that for p> because from the known value of p 9 
the values of y, r, &c. may be found directly, and without 
the solution of any other equation. It is likewise suffi- 
cient, as follows from 11, to find only a single value for 
each of the coefficients />, q 9 r, &c. 
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13. From all that has hitherto been said, it follows, that 
the solution of ap equation of the nth degree, when n is a 
prime number, depends on the solution of an equation 
for p of the 1 . 2 • 8 ... n — • 2th degree ; and this result 
coincides with that which has been found by another 
method in § CXXXVI. With the view to further 
elucidation, I shall now apply it to an equation of the 
fifth degree. 

Uskark. When n is a compound number, then the 
conclusions drawn with respect to the substitution of the 

root a for a 2 , a 8 , a\ a*" 1 , suffer the same changes, as 

the conclusions, § CXXXVI, § CXXXVII, must un- 
dergo in the same case, and we shall then find, as we did 
there, that an equation of the nth degree leads to an 

1 O Q m _— 1 

equation of the — : — \' th degree, when X denotes 

• the number of the primitive roots of the equation y — 1 

=. o. 



SECTION CXL. 

Prob. From the given equation of the fifth degree 
x* — Jx* + jttr 8 — Gr 2 + Dx — E = o 
find actually the reduced equation for the magnitude p of 
the foregoing §. 

Solution 1. The equation {A) in 10 of the foregoing 
|, when nzs5 9 is here 

P-p^ + flfl'-rfl + aso 
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and the roots of this equation are, when «, £, -y, 8, denote 
the imaginary roots of the equation if — 1 =o, 

w = g' + r« + Z'"" s + rv + r« 4 

<r= £' + C /7 8 + S"'c* + S"8» + rs* 

2. If we add these equations together, we then obtain, 
when0'+r+0" / +0" , =p, and«+0+y + S = x [l]-l 
= -1, «* + /3* + 7 * + 8*= < [2]-l = -l,* s + /9 s + r , 
+ 2P s '[8]-i s ,-l 1 ^ + /3*+ T «4S l a % M-l«-l; 

p = 4& - ($" 4- F" + F r + F) 
= 6? - (F + 5" + F" + F' + F) 

3. The second part of the expression for j>, viz. F+ 
£// + £/" + £/'+£", may be found immediately. For 
from IS of the foregoing § it follows, that the develop- 
ment of 

Or 7 + *r" + c?i"' + aV + ctjTf 
assumes the following forms : 

F + $"« + Z'"c* + $'V + £V; 

and this form of the development is always correct, which- 
ever root of the equation z 5 —l=o we substitute for a; 
consequently also, when we put «= 1 . If this is actually 
done, we find 

f + r + 1'" + F r + f = 

= [l] 4 = A 6 
We have .•• also I 



I 



281 

- 4. In order . \ to determine p 9 it is. only necessary to find 
4; 7 , < consequently that term in the development of (j/ 4- 
&&*' +.a° t x /// + aV + a*x r ) 6 9 which does not contain a. 
For this purpose we can give this expression the following 
form: 

a- 5 (ax/ + «V + a 8 *'" + «V r + *Ai r ? 
or* since <aT" 5 =l, the -following one 

(ax + aV 7 + arV" -f ofix ,v 4- « 3 x v ) 5 

from which we derive this advantage, that the dashes over 
x coincide with the exponents of a. For now we have 
nothing more to do, as is shown in the polynomial theorem, 
but to combine the roots xf 9 x/ f 9 x ,H 9 x fv 9 x v 9 in all 
possible ways, in such a way that the sum of the dashes 
= 5, = 10, = 15, = 20, = 25, because a 5 =a 10 =« 15 =a 20 
=<***= l. In this way we find, when [5], [l 5 ], are sub- 
stituted for x /s 4- <£" 5 + x"'* 4- a/" 5 4- x r5 > x / x // x f,f x ,v x v 9 

V = [5] + [I 5 ] + 
x /z x"x v 4 a/W F 4- aV'V" + ;rVV r3 4- 
20 ^x/ /,z x y 4- j/'VV 4- a/V"V F 4- *W 3 

+ W'x f *+rf«ar*x w 

yW F +a/VV //2 4- *"*"'** +a/W+ 
+ 30^a/*"V* +a: / a/ // V F2 + 3 fW* x Y +WW 1 * 

+x Jt x ,y *x y * 4-* /// V F * F2 

or when, for shortness 9 sake, in the value of £', we denote 
by Z that which is not to be found in the crotchets we get 
Z'= [5] + [1«]+? 

p = 5£ 4 5[5] + 5[l s ] - ^f 5 

5. Amongst the 120 values, which the function £ con- 
tains by the transposition of the roots a/, x n 9 x/ ,f t a/ F , 0?% 

2 o 
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we find no more than six unequal ones, and they will be 
exactly those which arise exclusively from the transpo- 
sition of the three roots x /,, 9 j/% x f . If we denote these 
values by £', £", ?'", $"% ? F ? F/ , and the corresponding 
values of p by //, //', p ,ff > j/ F , p r , p r/ 9 we then obtain 
j/ =5X< + 5[5] + 5[l«]-^ 
p"=5Z" + 5 [5] + 5 [l 5 ] - ^ 
j/"= 5 £'"+ 5 [5] + 5 [I 5 ] - ^ 5 
!>":= 5 £"+5 [5] + 5 [I 5 ] - A* 
p y =5Z r + 5[5] + 5[1*]-^ 5 
p*'= 5^+5 [5] + 5 [l«] - ^* 
and these six values of p are the roots of the required 
equation. We already know, from the third chapter, 
how to proceed further, in order to find this equation 
itself. It would be better, however, instead of the equa- 
tion for p to find that lor £; for if we have 2> we have 
also p. 



\ 
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VII.— A GENERAL METHOD BY WHICH, FROM THE 
KNOWN VALUE OF A GIVEN FUNCTION OF THE 
BOOTS OF AN EQUATION, TO FIND THE VALUE 
OF EVERY OTHER FUNCTION OF THESE ROOTS. 



SECTION CXLI. 

ALL the methods which we have hitherto applied to 
the solution of equations, are founded either on analysis 
or transformation. The first, from its very nature, cannot 
be general, because every equation will not admit of being 
analyzed into others of lower degrees* Consequently, in the 
general solution of equations, we have no other mode left 
us but to transform the given equations into others, which 
in themselves are either solvible by the methods already 
known, or may be made so by analysis. 

Now, let it be assumed that we have transformed in 
any way, no matter which, the given equation 

a* + Ax*- X + Bi>- 2 + Cof~* + &c. = o 

into another 

r + A't*- X + B'tr~ % + Cr- 3 + &c. = o 

then the roots of the last equation must stand in some 
one relation to the roots of the first, or, in other words, 
t must admit of being expressed by some function of the 
roots a/, x", x f/ \ &c Now I affirm, that it is always 
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allowable to assume t to be a rational function of these 
roots. For, let F: (V) (V') (a/") ... 0*°) be any 
irrational function of these roots, and let t=F: (a/) (a/') 
(a/")... (*<■>) ; then this equation, as has been already 
shown in the fifth chapter, can always be made rational 
by removing the irrational magnitudes. We shall thus 
get an equation 

*" + A"t»- 1 + Bt'ir* + Q'tr* + &c. = o 

in which the coefficients A f/ 9 B"> C", &c. are all rational 
functions of i 7 , a/', a/' 7 , &c. Now if we eliminate from 
this equation and the equation T+ A / f^~ l -f B'f"" 2 + 
&c.=o all the powers of t, as far as the first, we then 
obtain for t a rational function only. 

In the first place . • . it is only necessary, in the trans- 
formation of the equations, to find such rational functions 
of a/, a/', x /;/ 9 &c., for which the transformed equation is 
either immediately solvible, or at least may be made to 
depend on solvible equations. But this is not all ; it is 
not sufficient to know the values of the assumed function ; 
we must also be able, from these values, to find the roots 
a/, x // 9 x /y/ , &c. I shall first handle the second subject, 
and, according to Mr. Lagrange^in the third volume of the 
New Berlin Memoirs, show the method by which, from 
the known values of a given function, the value of every 
other function may be found, consequently also the 
roots themselves. Here two cases must be taften into 
consideration, viz. first, the case kr which the given and 
the required function are homogeneous^ seeobdly, the 
case in which they are not so. - 

For the sake of greater perspicuity, when I treat of tho 
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values of a function, I shall sometimes distinguish the 
values of forms from numerical values ; the first are 
the different forms themselves, which arise from the trans- 
position of the roots a/, x" 9 x /// 9 &c. ; the latter, the 
actual values of these forms expressed by given magnitudes. 

SECTION CXLII. 

Pkob. Let it be assumed that die given equation 

I. af + -ir*- 1 + RxT* + CaT* + &c; = o 

by the introduction of a new magnitude t =*f: (a/) 
(x") (x ,// )...(x {n) ), according to the method' in the third 
chapter, is transformed into* an equation 

II. r + Pt*- { + Qr- 2 + jRr- 3 + ... + U = o 

which is completely solvible, consequently all of whose 
roots may be found : from these known numerical values 
of the function t, it is required to find the numerical 
values of any, other function y = (p : (a/) (a/ 7 ) (a/ 7/ ) 
...(jfr 00 ) 1 respecting which it is assumed that it ^homo- 
geneous to the former. 

Solution 1. Since the functions t, g, according tfr the 
hypothesis, are homogeneous, then, by the transposition 
of the roots ar*, x", a /f/ , &e. the former must contain 
exactly as many unequal values as the latter. The func- 
tion f 9 however, has ir values, because the equation II, by 
which- it is represented, has been assumed- to be of the Trth 
degree, consequently the second function has also -rr values. 
I shall denote the values' of forma of t by tf, *", *'", 
...fi*\ and the values of form* of y byy, //^'^^ 
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and Assume besides, that those which have the same 
number .of dashes, arise from the same transpositions. 

2. Since t and y are homogeneous functions, conse- 
quently any expression whatever, which is compounded of 
these functions, can have no more unequal values of forms 
than these functions themselves. Consequently, also, such 
an expression as t x y can have no more than tt different 

values, and these are t' x y\ t" x y", tf" x y"'+ + 

(fO^y*)). If we take the sum of all these values, we 
obtain the function 

0/,) tpy + i"y + ^"y" + ... + O^W* 

and this function has the property of remaining the same, 
however we transpose the roots xf 9 a/ ; , a/ 77 , &c. ; it is . • . 
symmetrical with respect to the former roots, and con- 
sequently, let X be any number whatever, may always be 
expressed rationally by the coefficients A 9 B 4 C, &c of 
the given equation. 

3. If, we denote the numerical values, which the func- 
tion^) contains, when we substitute 0, .1, 2, 3,...t— 1 

sucessively for X, by z 09 z l9 z 29 z 39 z v _ l9 we obtain the 

following 7r equations : 

i/+ y"+ y" 1 ' + + y^ = «« 

ty + t'y + t r/ y .+ +. PY W) = *i . 

*/y + «//y/ + j///y// + + (teo)yo = %2 

t'y + i^/y/ + t ///3 y'" + + • (tf^yo = * 3 

t/'-y + e'—y + t"t*-y" + ... + (*(*>)«-y*> = ^ 

in which z 09 z l9 z i9 z 29 z v ^ l9 are all known magnitudes 

expressed by. the coefficients of the equation I. 
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4. Now, let t' 9 t" 9 * /;/ , <W, instead of the values 

of forms of the function, denote its numerical values, 
then these are no other than the roots of the equation II, 
consequently, by the hypothesis, are all known. - There- 
fore in the foregoing tt equations there are no other un- 
known magnitudes but y , y /f 9 y" f 9 . . .y W ; and since their 
number is 7r, consequently we have exactly the same 
number as of equations ; they may . * ., with a few excep- 
tions (which will be inquired into hereafter), always be 
calculated, and expressed rationally by the magnitudes t/> 

if' 9 t ,n t&> and s , *j, z 2i * 3 , ... z^xj consequently also 

by the magnitudes t f 9 t /f , t ul |W, and the coefficients 

A, B, C 9 &c. of the given equation. 

Example. When 7r =* 1, we only have 

which must also be the case, because then t and y are 
symmetrical functions of a/ 9 x f/ 9 x u, 9 &c. and . * . y no 
longer depends on t 9 but only on the coefficients A, B, 
C, &c. 

When it = 2, we have the two equations 

y + .y/ = Zo 

*y + t'y = Zl 

and hence 

When 7r ^ 3, we have the three equations 

y + y + y* = * 

*y + *'y + ''V = *i 
%' + *"y + ("'y = *, - 
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and hence ire obtain 

y - («/ _ «//) (</ _ if) 

„ *.t - (* ■+ l'")*, ■+ M'% 

y - (tf~tf) (f - 1/") 

.,» * - C + <")*. + Wlo 

y - ((/// _ (/) ( t /// _ //) 

In the same way, when ir = 4, we find the following 

values for /, y", yf"„ y 1 ". 

Zi -((// + t>" + f"X + (ff'jf" +t?'t> v + ^Qi, - H't'"tf y z a 

(* - *") (f - t"') (C - * /r ) 

g3 - (*+?'' +tr)n t +( k W+M r +lf''lf T )z i -eif tf if r Xi 

(l" - tf) (t" — *»') {tf' - O 

iff" - f) (f " - tf') {ff» - < /F ) 
«, - (^ + f" + fW)f, + (rt" + ft"' + <"t"> t - t W"*,, 

(f F - tf) (f v - t") (t? v - tf") 

from which the law of the progression may be very easily 
seen* 

SECTION CXLIII. 

Peob. All that has been said in the problem in the 
foregoing § holds, with this single difference, that all the 
roots of the equation II, as was there assumed, are not 
known, but merely one of them : required now to find 
the numerical value of the function y corresponding to 
this numerical value of the function t. 

Solution 1. Let tf be the known root of the equation 
II. If we divide this equation by t — if, we obtain 
another equation 
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III. r- 1 + j/r-* + Qfr-* + ......... + V 1 ^ a 

in which 

-F = i 7 + P 

# a f* + P// + Q 

S' s * /4 + IV s + Qf* + Rtf + # 

and the roots of this equation are «", *"', f r f ... ... !<•>, 

2. But since in this case the single root tl was assumed 
to be known, we must merely endeavour to express j/ 
by if ; and this object is most easily attained in the follow- 
ing way by means of the method of elimination given 
in § LVIII. Multiply the equations in 3 of the fore- 
going §, beginning with the last but one, and proceeding: 
upwards, by P', Qf 9 R' 9 &c. viz. the last but one by P', 
the one preceding it by Qf, and so on to the first, which 
is multiplied by U, and then add the results thus ob ' 
tained to the last equation ; by these means we obtain 

a^4 + PV* + Q?m^ + ...... + U'z 

=y (^~ 1 + pv*-* + qv*- 3 + + v) 

+y (ft*-* + Ftf*- + Qp/** + + if/y 

+y (*«*-* + mi*-* + Qtiir*-* + + &) 

&c# 

S. Since t", «"', t' F , $*\ are the roofs of th(* 

equation III, then all that which has been multiplied by 

y^y^y^ y* } in the second part of the equation 

just found, ss o. We duly . • . retain 

v, + p^ + ofi^ + + m Q 

=y(r~ l + Ft!*-* + Q!t/*-* + „..,. + uy 

\ 2p 
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and hence it follows 

y- ^-i + jp^-a + Off—* + + u* 

4. If in this we substitute for t f every other root of 
the equation II, we then obtain the numerical values of 
y / , t y /// , yV, y r) . If .*. t and y which are unde- 
termined, denote two corresponding values of the functions 
just given, we then have generally 

M *.-i + Fim + QfM^ + + lFz 





•J-p-l + 


prr-t + ^|^s + 


and 


it is then 






F* 


= f + p 




Of 


= t* + -ft + Q 




R' 


rs^+iV + Qf + U 

&c. 



+ IP 



Example. In § XXXIX we find, that when x 4 - Ax* 
■flfcr 2 — Cr+.D=o is the given equation, the function 
t = xV' + a/'V depends on the following equation of 
the third degree : 

fi _ jbp + (JC - 4D) * - (C 2 - 4BD+^D)=o. 

I shall now assume, that we have so far solved this equa- 
tion, that we have found one of its roots, and that we now 
wished to determine from it the value of another function 
y ss (*V — a/'V*)*, which is homogeneous to the 
former. 

Since here ir = 3, we then have 

_ jg 2 + P*z x + Qfz 

y "t 2 + Ft +Q! 
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Further, since P = - B, Q = JC - 4D, we have 
/P^ = e + P=zt-B 

Q' = <* + Pf + Q a *» - Bt + ^C - 42) 

It only remains now to determine the values of z w z n 
z 2 . But 

*' =aV' +a /// a/ F f y = 0rV -o/'V^ 

which, when we take the numerical expressions from the 
annexed Tables, give the following values : 

^ = y+y / + y // = [2 2 ]-6[i4] 

= B«-2JC— 4D 

z t = ty + ify" + t"Y" = [3*] - [1*2*] 
= JS 3 - S^BC + 3C» + 3A*D-*BD 

* = fy + fy + ^v^ L 4 *] - 6[ 24 ] 

= fi 4 - 4u<5*C + 2^ a C* + 4£C* + 4^Jff D 

— 4fl»2> - 8^CD 
If we substitute the values of P', Q', z 09 z l9 s 2 here 
found, we obtain 

\ +!6D i -4iB Si D+BC*+A*BD-4!ACD ) 

. y "~ St* - zBt + AC- ±D 

and by means of this expression we are now enabled, for 
each numerical value of the function t 9 to find a numerical 
value of the function y. 

Remark. By means of the differential calculus, we can 
give the denominator of the general expression for y in 4 
a more simple form. Thus, since 

(t-tj (tr* + P'r~* + Qfr-* + + U) 

= (r + Pr-* + Qtr- 2 + + U) 
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we then have, when we differentiate both sides, in reference 
to t, and divide by the differential dt 9 

+ r- l +FT-*+Q't~- 3 +R / t*- 4 +&c. 
If in these we substitute <' for t, we obtain the equation 

j/*-i + pY^ + 0*1/*-* + R't"*-* + &c. 

cwf^ 1 + (tt-1) Pff^ + (ir-2) Off** + &e. 
and since this equation must be correct, whatever root 
m assume for tf, we then have generally 

r- 1 + P 7 ^ 2 + Q't*" 3 + &c. = 

irr- E +(ir-l) P^ f +(7r-2)Qr- 3 +(7r-3)J?r^+&c. 
Consequently the value of y may also be expressed in the 
following way 

„_ **-! + p'*«-* + <?s^ + ..." + u* 

* "" jrT 1 + (tt-1) Pf* + (ir-2) Qr" 3 + ... + T 

SECTION CXLIV. 

If the formula of the foregoing § be generally appli- 
cable, we are enabled, from the given value of any function 

/: (*0 (*") (a/") (*<•>) to find the value of every 

other function ^: (a/) (a/ 7 ) (a/ 77 ) (^ 8) )> homo- 
geneous to it, and that immediately merely by a rational 
expression. But it is also actually applicable in all ima- 
ginable cases, with the single exception of the one in 
which the value of t is such, that the denominator of the 
expression for y =s o ; a ease which was mentioned in 
§ LX. In order to see how the case is here, I sha|l 
consider the denominator t'*' 1 >\*Vt , *~ t + Q!tf*-*+&c. 



*v 
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ib the expression for y in 3 of the foregoing §. It is, 
from its origin, no other than the product of the factors 

vanishes, then one or other of these factors = o, and t/ 
• * . must be equal to one, or even more of the roots t /f 9 

tf J, 9 f r , <<*>. Hence it follows, that the case in 

which the denominator in the expression for y vanishes, 
can only obtain, when the equation II has equal roots. 
But now it may likewise be seen, why this expression 
cannot give the value of y. For so long as a number of 

roots t 7 , f 7 , tf f/ 9 t (v) are different from one another, 

Ogives the value of y, t 1 ' the value of y 7 , &c. But if 
they **e equal to one another, then the single root if must 
at once give the v values yf^yf^yf 1 ^ ...... y M i but since 

th* expression found for^y is rational, this is impossible. 
Hence it may be further concluded, that the v values y, 

yf i >}/ n * y (v) niust be given by a single irrational 

expression, which contains exactly v values, or, which is 
the same, that they must depend on an equation of the 
nth degree, whose coefficients are all rational* How this 
equation may be found, will be seen immediately. 

SECTION CXLV. 

Auxiliary Rule* 

Prob. Let IT denote any function of x> and let the 
equation 

j=(j-fl) i n 

be given : required to find the value of the differential 
proportional ~ for the case, where x = a. 



* 
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Solution 1. Let « = 1; ••. ,y = (x— a) II. If we 
differentiate this equation, we find 

dy =s (x-r-a) dll + Ildr 
If in this equation we put x = a, thefc the first term of 
the second part vanishes, and we consequently have, 
when II' denotes what II becomes when we put x = <z, 

dy = Il'dx, and$=n x . 

MX 

2. Let m s 2 ; ••. ^ = (x — a) 2 II. If we differen- 
tiate this equation twice successively, we find 

dy = (x—af <fll +2 Or— a) II<fo 

<Py x=; (x—a)*«PlI + 4 (ff— a) dlldx + 1.2 ndi* 
If we put x = a in the second equation, the two first 
terms of jhe second part vanish, and we then have 

<Py=l .2 Tl'dx*; consequently ^2 = 1 . 2 II'. 

VLX 

3. Let m =s 3 ; .• .^y = (x — of II. If we differen- 
tiate this equation three times in succession, we then 
obtain successively, 

dy = (x-afd 11 + 3 {x-a)*Yldx 
d*y = (x-ayd'n + 6 (x~-a)*dndx+2 .3 (x-a)Ud3* 
d*y = (x-a) 3 d 3 n + 9 lx-a)*cPlldx + 18(x--a)dndx* 

+ 1 .2.3 Ilda? 
and when we put x = a, tPy =1.2.3 Il'dr 3 , .•. 

-j4[ = 1 . 2 . 3Uf. 
dx 3 

* 

4. Generally, as is easily seen from the continuation of 
the calculation, we find for d m y > after differentiating the 
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equation t y=(^—a)' n n^m times, a differential expression, 
-whose last term is 1.2.3... mUdx m 9 and in which all 
the remaining terms contain the factor x—a. If .•. we 

put x=za 9 we then obtain d"y =1.2.3 mH / dx m 9 

and consequently 

^=1.2. S will 7 



SECTION CXLVI. 

Prob. When t and j/ denote two homogeneous func- 
tions of the roots x f 9 jt", j/", &c of the given equation 

I. x* + Ax*- 1 + Bx*~* + Cx 9 - 3 + &c. = « ' 

from the known value of the function t it is required to 
find the value of the function y in the case where the 
equation 

II. r + Pt w ~ x + Qt*-* + RF~* -f &c = o 

s t 

on which the first depends, contains equal roots, amongst 
which is the known value of t 

Solution 1. In the remark in § CXLIII, we find 
the following expression for y : 

_ z v -, + py, 2 + q?z^>+ + u% 

* vF- 1 + (tt- 1) Pt*-* + (tt— 2) OF'* + &c. 

in which P'=t + P 9 Qf = t* + Pt 4- Q, &c. ; and from 
this general expression we obtain the particular values of 
y'> y"> 2/"> &c> when we substitute tf 9 1", t'" 9 &c. for t. 
Now we wish, in the first place, to give this expression a 
form which will be more convenient for our purpose. 
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. 2. Since l', if', t"', &c. are the roots of die equation 

II, then 

V + Pr 1 -f Of*-* + &c as 
(*_*>) (t-t") (t-t"') («-«") («-**>) 

If we differentiate this equation in reference to t, we 
obtain, after dividing by dt, 

wr- 1 + (w-1) Pr* + (w-2) QT* + &c = 

(<-r") (t-f") (t-l") («-**») 

+ (*_*/) (*-<"') (<-«") <W") 

+ 0-O <*-«") (*-<"> (<-0 ( ") 

&c. 
If in this we substitute t!, tf\ tf", &c. successively for f, 
we obtain 

vt*- 1 + (w-l) iV*" 8 + (ir-2) Qtf"- 3 + &c. = 

(•-I") (f-f") (f-O (f-tf") 

*«"— » + (w-1) Pf 7 "^ 1 + (w-2) Of'* -1 + &c. = 

(*"-*') (<"-*"') (f'-O (*"-*•>) 

Tt ///-i + (*•- 1) P<"/*-*+ ( w _2) Qf"~* + &c. = 

(*"-*) («"'-<") (I"'-!") (f"-«<'>) 

&c. 

S. Now, if we denote that which the numerator of the 

expression for t .becomes by the substitution of tf, tf', 

t", &c. for t, by Q', Q", Q,'", &c, we then obtain, by 

means of the results in 2, 

„/._ J^ 

y ~(t'-t") (t'-t'") (f—t") >..... (t'-t<->) 

y ~ (tf'-f) (<"-*">) («"-r /K ) (<"-*<*>) 

&o. 
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From the form of these value* it is evident, that when 
t?=ztf\ the denominators in the values of yf andj/ 7 , are 
both = o ; whence, by § CXLIV, it may fee, concluded* 
that these values cannot be determined singly by a 
rational expression, but depend on an. equation of the 
second degree. In Ute manner, when we put t 1 = t n 
= < /7/ , the denominators in the values of j/ 9 j/ f , jjf'\ all 
vanish, and consequently in this case these values must 
depend on a single equation of the third degree ; and in 
a similar way it holds, when more values of t are equal 
to one another. 

4. In the first place we assume, that the equation II 
has no more than two equal roots ff ? t! f . First let them 
be unequal, and let them differ by an infinitely small 
magnitude A, so that t" =t 7 +• A. Further, let, for 
shortness' sake, 

{* - t" f ) (f - tf 7 ) (*' - IF) *= TV 

(*" _ t w ) (*" - tf r ) if - ^j *= n" 

we then have 



and .*. 






5. If we omit die infinitely small magnitude in this 
last eqnation, we then can put II" = II', and we con- 
sequently have 

2 Q, 
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y + y/ = __. _ 

But according to Taylor's Theorem 

„ n . da' h #Q' h' . 
° u - & 1 + dtf* 1.2 

If .•. we divide this expression by h, and then put A=o, 

we obtain 

6. We now assume, that the equation II has three 
equal roots, which are t', tf f , f". As before, consider 
again these roots at first as differing, by an infinitely 
small magnitude, and put r" = t/ + A, «"' = * + k •' 
further, pujt . 

(f - n (f - o C - o {* - e*) = n; 

{if' - f*) {t" - <") (f - O (*" - *") = tf 

(«/// _ </^) (|/// _ t r ) (if" - « r/ ) iff" - « <r) ) = n: 

Then we have (3) 

y ~ (f - if') (t> - tf") it, ~ hk' n; 

Q^ . _ 1 Q" 

» "" (f - <o 0" - ?") n > ~ * (*-*) "57 

„, or l_ __ of" 

y _ {tf"- t')(t>"- t>')n"l - k (k-h) ' nT 

If we add these three results, we obtain 

. j. .„ x of i a" . - i of" 
S+y"+y'" = W fr t + W=ir)'iX + Kk^TjiX 

or, when we omit the infinitely small magnitude in this 
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last equation, and put Ij|' = III = U\, '' 

7. But by Taylor's Theorem 

° - ° + v r + 3PT-TT » + lFT¥r S +&c - 
o»'= Q' + -y-j. + ^r— + ^.j-^+to 

If we substitute this sum in the expression for y+y" 
+ y /// , and omit what ought to be left out, we then 
obtain 

Now, if we put A and k=o, we get 



8. In like manner, if four roots 
equation II are equal to one another 
we assume these roots as differing 
magnitude, and t" = t / +'h^t' // i=±i 
after completing the calculation, n 
we then find the following' result : > 

when we put ■ ■ . j 

(•.-oe-r") (?-«"•)• 

9. Hence we may perceive the" i 
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*', r", < w , tf w 9 .... k jf» *r* equal to one another, we bare 

S+i/'+f" y<"» a u ! 



-4^. • *, i n • i I i I fa 



dr""* 1 1.2.3 ... v— l.II' 
when we put 

(t/-^+«) (*'-*<*+«) (f-^o = n'. 

10, The expression II 7 contains the roots r* +I , **+*, 

#*\ Now, aiftce it may happen that we know no 

other root of the equation II, except t', it remains to be 
shown, how we can determine this expression directly 
from the above equation. 

11. By the assumed nature of the equation II* when 
we put 

(,_*<*+») (i-to**)) {i~t*») .(i-t^) =* n 

we have 

(i— fO *n ss r + Pr~ l + Qt*-* + &c 

Mjwe differentiate this equation v times successively with 
reference to t , and then substitute t/ for *, we then obtain 
(foregoing $) 

if" 
or, when we aetvtjlly differentiate it onto 

1 • £ • 8 ... V • II'bs 

i?- 1 (Trr^ 1 + frr - I ) Ptf*~* + (w - 2) Q^- 3 + &c. 

_ 

12. If we mihftUute the value of IT, which we derive 
from iilface, in 9 we then obtain 
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y + y+ ... +y = dr\irt*- 1 + (»- 1 ) A"- + &c.) 

the differentials taken with reference to t' , 

13. We have .*. found the sum of the values corres- 
ponding to the equal values of y. But in like manner 
also, we may find the sum of their squares, cubes, and 
so on. To effect this, we only require in the equations 
in Si § CXLII, for the function y to substitute its 
square^*, its cube jf 3 , Ac. Since by these means the 

magnitudes z , z ly z z , z Wum . X9 only undergo any change, 

nothing remains to be done, but to change the expression 

O = z^ t + P'z M + Qfz^ + + U% accordingly, 

and moreover to retain the formula just found forj^+y 7 

+y"'+ +y°« Having obtained these sums, we 

may likewise always find the equation, which has the 
values y* 9 yf\ y u *..*...y {v) as roots, and this equation 
must necessarily be solved, if we wish to find the above 
values. 

Remark. From what has been here said, we see the 
reason why it was said in 10, § CXXXVI, that it 
would be sufficient to solve the equation for the coeffi- 
cient p, in Order to find the other coefficients q, r, &c. 
immediately, and without thesolution of any other equation. 
For since /?, q, r, <&c. are all homogeneous functions of 
a/, a/ 7 , a/", &c from the known numerical value of one 
of them, we may represent the numerical values of all 
the others by mere rational expressions ; because the cases 
in which the denominators of these expressions vanish, 
belong to the exceptions, and can only occur in particular 
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equations, and not in general ones, of which we treated 
in the above-mentioned §. 

SECTION CXLV1I. 

For the sake of the use which we might, perhaps, make 
of this, I shall now arrange the results found in the 
foregoing § together, and for the greater generality, instead 
of the function y itself, I shall assume any power of it y. 

If we denote the symmetrical functions expressed by 
the coefficients of the given equation 

y- + y- + y- + + cyo* 

ty* + ty* + if'y* + + (*<*>) (y*>y 

j/y. + £//y/« + <///y//« + + ^w)y (ywy 

t*-y*+i"*-y* + 1///— y//« + ... + (**>)*■* (yy 

in the order in which they succeed each other, by z Q , z lt 

a* z Wmml , and put, for shortness" sake, 

irt'— 1 + (w-l)P^- 8 + (tt-2) Q*"- 3 + &«• = ^ 

z w -i + Fz*-* + Q!**-* + + U'z = Of 

(in which PW + P, Q!=t"+Ptf+Q 9 Rfssp + PP 
+ Q^-h R 9 <fec.) ; we have for a simple root of the trans- 
formed equation for t, 

i of 

y & 9 

for a double root 

j . // 2dCt 7 

for a three-fold root 

j^+y+y"--^; 
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for a four-fold root , 

and, in general, for an v-fbld root 

y- +y* +y"- + "..'..'... + cy 1 )- = *p£; 

all the differentials taken' in reference to ^. 

By means of these formula?, we may find the sums of 
powers of all those values of y, which belong to the 
complex root t'. Having now found these sums of 
powers, we may also, by § IX, find the equation on which 
they depend. I shall now elucidate what has been just 
advanced by an example. 

Example. I shall assume, that in order to solve the 
equation 

I. x 4 — Sx 3 — Sjt* + llx — 6 = o 
we have transformed it into another 

II. i* 6 - 9<* + 2K 4 + 9** -54* 2 + 32 = o 
when we put t =s x / + x". I shall further assume, that 
we are able to find a root of this last equation, and that 
we now wished from it to determine the value of the func- 
tion y = x / x // . 

Here we have the following corresponding values of t 
andy 
xt+x", x y + x /// 9 x / +x /y 9 xtt + x"', x"+x /v +x"'+x' v 

r/rJ/ ~J~J// ~J~/r -1IU/I r // r /V -J/f-jr 

and these give, when k = 1, 

*< = x'x" + x'x"' + xV" + af'sf" + x"x> r + at" at* 
= [1*] 
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= [13] + 2[2«] 

* 3 = (*>+*") W + (x'^'O W"+ (o/+* /F ) Vx^+Ac. 

= [14] + 3 [23] # 

i 4 ^i / +i / ^ / +(^ / ^ // +(^+« / TV^ +&c. 

= [15] +4 [24] + 6[S*3 

= [16] + 5 [25] + 10 [34] 
If we take the numerical expressions from the annexed 
Tables, and then put for A, J3, C, D, their values 
3, — 3, — 11, — 6, we then find * ss ~ 3, 2, = 24, 
z 2 = 90, z 3 = 390, * 4 = 1542, z 5 = 6174. If we sub- 
stitute these values in the expression for Of, we then 
obtain, since here P' s tf — 9, Q 7 = *'* — 9^ + «1> 

Jt' = «' 3 - 9^ + %\tf + 9, *S 7 9 r 74 — 91" + 21^ + 
g £ / — 54, 7V - |/s _ 9< /4 + 21 f/3 + gf/2 __ 54^ nfo r 

the usual reduction : 

of = * 5 + ^ + Q'* 3 + «/,, + s f * t + r^ 

= — St' 5 + 51 t /4 — I89 r 73 + W** + 300*' 
Abo 

0' = 6< /5 — 45<* + 84< /3 + 27< /2 — 108^ 
consequently 

,_ — St 5 + 5lt /A — 189* /3 + 57 ?* + 300^ 
^ "~ 6t' 5 — 45 ( /4 + £4t' 3 + 27 1* — 108 f 
One root of the equation II, is % = 1 . If we sufetdtute 
this root for tl in the value of rf here found, we get 
y = y/x/ f = — 6. Of the accuracy rf this testdt we 
can convince ourselves by solving the two equations 
i / + i // = 1, *V = — 6 ; for by these <»eaas we obtain 
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3 and — 2 for x/ and x" 9 and these are actually two roots 
of the equation I. 

,„. Another root of the equation II, is *= 2 ; and this 
N root substituted for t f in the value, of y, gives y = 1. 
.But. from x/ + x/ / = 2, and x/x" = 1, we find x/ = 
x" = 1 ; whence it follows, that x = 1 is also a root of 
the equation II, and that a double one. 

But t =s 4 is also a root of the equation II. If we 

substitute this root for If in the value of x / 9 we find y = - , 

J o 

which denotes that y can be determined from il in no 
other way than by an equation of the second degree. 16 
however, we differentiate Q/ and tf 9 we then find 
<K2 / =(-15^ 4 + 204* /3 - 567 1' 2 + U4* 7 + 300) A 7 
dP'sCSOf 4 - 180 t/* + 252« /2 + 54f - 108) dt> 






2 



- 15« /4 +204< /3 + 567* /2 f 114*' + 800 



SO*"— 180* /3 + 252* /2 +54* / — 108* 
If in this we put i! = 4, we then get 

In order to determine y * and y 7 singly, we must now 
find the value of y 8 +,y" 2 . 

With this view, we put k=2 ; we then have 

* =a/V /2 + &c. = [2 2 ] • - 

« 1 =.(a/+^ / )a/V /2 +&c.=[28] ' 

a,= (/ +/) VV /sr + &c. =[24] + 2 [3*] 
* 3 = (jx/ + x"yW* + &c> = [25] + 8 [34] 
^==(^ + ^0VV /8 +&C.==[26}+ 4 [3$] + 6 [4«] 
f 6 =(^ + ^0 6 ^ 2 ^ /8 +^. = [27]H-5[36] + 10 [45]. 

2 R 
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If we take the numerical expressions from the annexed 
Tables, and then put for A, B, C, D, their values S, 
_ $ t _ ii, — 6, we then find z = 68, z, = 102, 
*, = 336, Z S = 1188, z t = 4668, z s = 18492. If we 
substitute these values in the expression for Q/, and at 
the same time for J*, Q>, R', &, T, put the above 
expressions, after the requisite reduction, we find 

Q'=2 5 + Fr 4 + Qfz 3 + R'z* + <S"*i + V** 
= 6sr'»-465r' 4 +741t /s +873t / *-1452* / -1056 

t 

dO / =(S15^-1860V 3 + 2223« /2 H-1746< / -1452) d¥ 

the values of ^ and d& remain the same as before. We 

obtain .*• 

gl5f/4 -i860r*+2223r /2 +1746< / --1452 

/*+y /2 =2 . sot /4_ 18 0< /3 + 252^+ 54f- 108 

If in this we put t 1 = 4, we obtain 

y2 + y/2 == i8. 
We have now . • . the two equations 
/+/'= 6, /2+y'*= 18, 
whence it follows, that the two values y, /' , depend on 
the quadratic equation 

y* - 6y + 9 = o 

which contains the double root S; and .«. y' =*.?" = 3. 
That the result is correct, appears immediately, when 
we solve the two equations a/ + x" = *» a/*" = 3 ; 
for these give 1 and 3 for the values of xf and x", which 
are actually two roots of the equation I. Besides, because 
herey depends on an equation of the second degree, we may 
infer from hence, that t = 4 must be a double root of the 
equation II ; which is also correct. 
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If we put t = — 1, which is also a double root of the 
equation II, we find, when in the above expression fiwy, 

we put — 1 for t* 9 y s= — , as required. But if in 

o 

the two expressions found for y + y and t/* + y*, we 

put — 1 for t', we then obtain 

and consequently the values of y, y 7 , depend on the 
equation 

y + 4y + 4 = o 

which has the double root y = — 2. We have .•• 
y =y 7 = — 2. But when we solve the two equations 
a/ -f xf 1 = — 1, 3/x" = — 2, we then obtain for 3/ and 
x f/ the values 1 and — 2, which are actually two roots of 
the equation I. 

Besides that for ^y, as well as for t = 4, and for t= — 1, 
we found such quadratic equations as have double roots* 
is merely accidental, and this will only be the case, when 
the equal values of y also correspond to the equal values 
of*. 

SECTION CXLVIII. 

Fbob. Let tandy beany two functions of the roots 
of a given equation : required to find a general method 
by which, from the known value of one, to find the value 
of the other, however the functions are constituted. 

Solution 1. In order to solve the problem in its most 
general form, we shall assume, that both functions contain 
all the roots of the given equation. This supposition is 
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always allowable; for if one function does not contain 
all the roots at the same time, we then can, as was already 
observed in § XLIX, add those that are wanting with 
the coefficient o. Thus, if we had the function aW", 
and the given equation were of the fifth degree, it would 
only be necessary, instead of these, to put iW" + o 
. x /v + o. x r . 

2. The method in § CXLII for determining the 
numerical values / of y from the numerical values of t 
assumed as known, in the case in which both these func- 
tions are symmetrical, may also be applied, when they 
are not so, by merely making the alterations which 
are requisite on this account. It was said in the 

above place, that, when tf 9 t h ', t n, 9 t (,r) denote the 

unequal values of forms of t 9 and %/ , yf' 9 yf n 9 t c,r) the 

unequal values of forms of y 9 the function t /x yf + t //x y" 
4. tfrtyfu + + (jwyyir) j s symmetrical, because 

the function t x y can have no more unequal values of 
forms than those of which the former function is com- 
posed. This is correct, when the (unctions t 9 y 9 are no 
longer symmetrical, because they do not in this case 
change, or remain unchanged, at the same time, 

3. But the function t /x t/ + t l,x y" + ....+ (fi w) ) x y {w) , 
in every imaginable state of the functions t 9 y 9 are as- 
suredly always symmetrical, when t f 9 il f 9 t /u 9 * (ir> and 

y >y 9 y x/ > • y* } denote not only, the unequal values 

of forms, but generally all the possible values, which 
arise from the transposition- of the roots a/ 9 a/', x /;/ , &c« 
whether equal or unequal. That in certain cases, and in 
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certain forms of the functions t, y 9 we often get a much 
less number of these values, is nothing to the purpose ; 
because here we only are treating of the general method 
applicable to every case. 

4. The method in § CLXIII for determining the 
numerical value of a function y from a single known 
numerical value of t 9 may in like manner be extended to 
functions which are not homogeneous, provided by tf, t! f 9 

'*"', ..... t™ and y 9 y",y"' 9 y {w \ we merely denote 

all the possible values of forms of t and y, which arise 
from the transposition of the roots a/ 9 x", z/ N 9 &c, and 
the transformed equation II be composed of all the values 
of forms of t 9 and not, as has always been, the case hitherto, 
only of the unequal ones. This equation, however, will 
be found by the following method. I shall assume, that 
amongst all the ir values of forms there are p unequal 
ones, and that the equation for these last t" + pi*' 1 + 
qt*~* + W 4 " 3 + &c. = o is already found. Further, if 
we put 7r = fiv, then v is necessarily a whole number, 
because by § LV, Corollary, p is always a submultiple 
of 7r, and all the ir values of forms, taken v and v 
together, will then be equal. The equation II, which, 
as is now required, is composed of all the values 

of forms tf, t/[ 9 t u, 9 t { *\ is consequently no other 

than 

(«" + pt**- 1 + j**" 2 + rtr* + &c.) v = o 

and it may . • . be obtained by solving this equation. If 
the values of forms lf 9 l", il ,f 9 t™ be all different 
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from one another, then v = 1, and the equation II is the 
equation <" + pV" 1 + qtr* + &c = o itself. 

5. With respect to the equation on which the nume- 
rical value of the function y depends, two cases must be 
distinguished; viz. 1st, the case in which the given 
equation is the most general one of its degree, and con- 
sequently whose, coefficients are in no way combined; 
2ndly, the case in which the coefficients are determinate 
numbers, or else have some relation to one another. 



6. In the first case, the equation II can only contain 
.roots which are all unequal, when the values of forms t\ 

{", t ul £ 9) are all different from one another; and 

if this be the case, as we have seen in the foregoing §, 
the numerical value of y may be expressed rationally by 
the numerical value of t. But if the above values of 
forms of t, consequently also the roots of the equation II, 
are equal, taken v and v together, then each of these 
roots is u-fold, and consequently the numerical value 
of y (when all the particular relations between the 
functions t and y are first laid aside), necessarily 
depends on an equation of the vth degree, which may 
always be found (§ CXLVI); and this equation gives 
the v values of y 9 which at the same time correspond to 
this root. 

7. In the second case, on the other hand, it may 
happen, that this or that root tf of the equation Hi 
besides the v — 1 equal values, which arise from the 
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identity of the values of forms, has also other equal 
ones, which have their bases in the particular property 
of the given equation itself, and consequently in a case 
of this kind the numerical value of y 9 which corresponds 
to the root t', must necessarily be given by an equation of 
a higher degree than the vih. 

8. Hitherto we have not noticed, in the general inquiries 
respecting the dependence of the numerical values of the 
functions t and y 9 the particular nature of these functions ; 
it is now time to consider this. We have already seen, in 
the preceding §, that, when the above functions are sym- 
metrical, the function tP^yf + *" x /' -f -h (^V*' 

becomes symmetrical, when for <', tf 7 , tt n , ...... # w) we 

merely take the unequal values of forms ; by which means 
not only the calculation is essentially shortened, but 
likewise in the case, in which the transformed equation 
for t has equal roots, the numerical values of y> which 
correspond to these equal roots, are expressed by lower 
equations than we should have obtained if we had intro- 
duced all the values of forms of/. But a similar abbre- 
viation may generally be used, when the functions t 
and y are such, that when the nature of one of them is 
expressed by the equation 

A'= A"= A'"=...=A W s ^a = At* 

between the p types A'> A", A'" y AP\ A» l \ 

A w 9 the nature of the other is determined by the equa- 
tion 

merely between the k types A', A'\ A" 1 , ... A {k \ For 
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if we try to find all the unequal types, which a function 
contains, whose nature is expressed by the type-equation 

A' =s A" = A"' = = A w 9 and then find all the 

values of forms of the function t and y corresponding to 
these unequal types; consequently, when tf 9 t n 9 i/" 9 

f (w) andy, y" 9 yf tl 9 ^ denote these values, 

the function ^Y + f"y' + + (*<*>)y-> will neces- 
sarily be symmetrical, because there is no value of forms 
of t x y 9 which is not included amongst those of which this 
aggregate is composed. 

9. As for the formation of the transformed equation 
for t in the assumed property of the functions t 9 y f we 
must distinguish the two cases, whefe t or y is that func- 
tion, whose nature is determined by the equation A f = 

A f/ =A f// ^ = A {k \ If the first be supposed, then 

the values of forms tf 9 t n 9 t l,f 9 t {v) 9 are all different 

from one another, and the equation II, which is com- 
posed of these values of forms, is actually, as in the case 
of v homogeneous functions, only the result of the unequal 
values of forms. But if the second supposition be taken, 
then amongst the values of forms if 9 if', t w 9 ...t {%) there 
are several equal ones ; and when we put the numbers of 
the unequal ones amongst these, consequently the number 
of the unequal values of forms which that function has 
whose nature is determined by the type-equation A'^A" 
=:A /// =...=zA ( *\ equal to /*, the number w is a 
multiple of the number p. If .• . we put ir *= fiv 9 and 
assume that *** + ptr* + gt^" 1 + &c. = o is the equa- 
tion, which is merely composed of the unequal values of 
forms of t 9 then the equation II, which is composed of 
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the values of forms t' 9 t", t w , f (jr) , is no other than 

the developement of the equation 

(P + pP- 1 -f qt*-* + Scc.) v = o. 

10. Further, since to each root t of the equation II 
there are v corresponding values oft/, consequently the nu- 
merical value of y depends necessarily on an equation of 
the vth degree. If the functions t and y be homogeneous, 
then v=l, and consequently this value depends only on 
an equation of the first degree, as required. But all this 
only obtains so long as the given equations are general 
ones; for in particular equations it might certainly 
happen, as was already observed, that the equation for y 
were of a higher degree. 

11. Besides the relations given in 8, between the 
functions t, y 9 there are numberless others, in which the 
calculation may, in like manner, be simplified. Such a 
simplification as this is always practicable, when in all 
the values of forms of t, which arise from all the possible 
transpositions of the roots a/, a/ 7 , a/ 7/ , &c, such as if, t n y 
t /// ,......* c '° may be omitted, which are all either different, 

or the periods of the different values occur more than 
once, . and at the same time are such, that the function 
*/y + j//xy> + t ///y// + + (*M>yyo i s symme- 
trical. 

IS. Although there are cases where the calculation 
may be simplified, when, instead of all the values of 
forms of. the function t, we only use those which possess 

2 s 
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the properties just mentioned, yet for the determination 
of the value of y from the value of t, there is no further 
disadvantage arising from it (with the exception of the 
calculations being extremely prolix). It may indeed be 
objected, that in this case the equation for y rises to a 
higher degree than is necessary, and that it may happen, 
that we cannot solve an equation of this kind, notwith- 
standing, perhaps, that in the calculation properly arranged, 
we arrive at a solvible equation. But since in this case 
amongst the roots of the former equation, there must be 
more than one which are equal, and in the sequel it will 
be shown, that an equation of this kind may always be 
reduced to another, which only contains the unequal roots, 
consequently in the present case the lowest rational equa- 
tion for y 9 . • . this objection is removed of itself. 



SECTION CXLIX. 



Pbob. Let t and y be two functions of the roots of a 
.general equation of any degree: required to give the 
degree of the equation, by which the numerical vake of 
y is determined from the known numerical value of t 

Solution. In the function t perform all the transpo- 
sitions of the roots x' 9 x", x /// 9 &c. for which its vahte of 
form remains unchanged ; in the function y perform the 
same transpositions as in t. Let v be the number of 
the unequal values of forms of y 9 which we obtain by 
these means ; then the equation between y and t, with 
reference to y 9 is of the vth degree. For since the e^uel 
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values of forms of t have only a single numerical value, 
the v unequal values of forms, on the other hand, v 
different numerical values, consequently v numerical 
values of y belong to a single numerical value of t ; 
the former can be determined from the last in no cytther 
way than by an equation of the vth degree. 

Example I. With respect to the general equation of 
the fourth degree, let *=/: (V) (*") (a/") (f y ), 
y = <p : (j/) (r") (a/") (j/*), and let the nature of these 
functions be expressed by the type-equations 

/; (a/) (x") <*>") (*") =/; (*") (a/) (x'"> (x")= 
f: (a/) (x") (x") (x"0 =/• <*"0 <*"> (^> <*"> 

0; (X*) (x") (x"0 (a/ r ) = *: (x") V) (*"0 (O 
= <p : (a/) (a/') (a/") (3/") 

Now, if we try to find the equal values of forms of t 
(§ LV), and then perform the same transpositions in 
v, we then obtain the following corresponding values of 
t&n&y: 



f 
f 
f 
f 
f 
f 
f 
f 



(V) (x") (a/") (*") 

(*0 (*") (*'") (*"') 
Cx") OO (*"0 O y F ) 

(*") (*0 GO (*"0 

(a/") (a/ r ) (a/) (x") 
{x" r ) (x"0 (a/) {x") 
(a/") 00 (a/') (a/) 
(x") (a/") (x") (a/) 



* 
* 



* 
* 



* 
* 



(a/) (x") (x"') (x' F ) 
(a/) (a/0 (a/') (x"0 
(x") (a/) (x"') (a/") 
(r") (a/) (a/ 1 ) (x"0 
(a/") (a/ r ) (xO (a/0 
(a/ F ) (a/"> (x0 (*") 
(a/") (a/") (a/0 (*0 
(x'O (x"0 (x") (x0 



Of the eight values of y, which we have here round, the 
four first, as well as the four last, on account of the sup- 
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posed nature of this function, are equal to one another; 
consequently two values of y belong to a single value 
of t. Therefore the equation, which gives y in terms 
of t 9 is of the second degree. 

To the numberless functions of the assumed nature, 
the following ones belong, viz. : t = x / x // + a/'V, 
y = x / x // = x/x" + o a/" + o a/ F , or y = xf -f- x" = 
xf + x // + o x /// + o a/ F . Consequently, if the nume- 
rical value of x / x // + x /// x /r be known, we may find from 
it both the numerical value of x/x", and that of x/ -f- x" 9 
by the solution of an equation of the second degree, which 
agrees with § XL I, where we merely had to solve an 
equation of the second degree. 



Example II. For any general equation, let t = 
x / x // x y// + x/ v ,y = x/-x" = x? - x 1 ' + o(a/" + *"> 
Now, in order to find the degree of the lowest rational 
equation, by which y may be determined from r, pro- 
ceed as follows : 



Equal values of forms 


Corresponding values of forms 


of* 


ofy 


aW" + x/ v 


a/ _ x" + o (x /// + xf 


x'xH'x" + a/ K 


rf - x"' + (a/' + J') 


a/W" + x /y 


x» — xf +o (a/" + x /y ) 


x'V'V + x /v 


x" _ a/" + o (j/ + * /F ) 


x/i'x'x" + x fV 


a/// _ #' + o (x // + a/") 


X» f x"x/ + X fV 


a/// _ x // + o (or' + x/ 7 ) 



Consequently six different values of y belong to a single 
value of t> viz. : x/ — x", xf — a/", x" — a: 7 , x/ f — a/", 
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a /// __ x / 9 x /// _ x u . an< j . y c&n on jy j^ determined 
from t by an equation of the sixth degree, when its 
coefficients are rational functions of t. Besides, since the 
values of forms of y 9 taken two and two, are equal, this 
equation . • . only contains even powers of y. 

SECTION CL. 

Prob. Let t, y 9 be any two functions of the roots 
x , x n x fn &c. of a general equation : required an operation 
to find the lowest equation, by which the numerical value 
of y may be determined from the numerical value of t 9 
under the condition that the unequal values of forms of 
t only are made use of. 

Solution. Find, as in the foregoing §, the equal values 
of forms of t 9 and the corresponding values of forms of y 9 
and from these last take away the unequal ones ; let them 

be y', y" 9 yf" y {v) : then the required equation 

will be of the vth degree, and it has the above values for 
roots. Let 

y + py 1 + qy *-* + rjr 3 + &c. = b 

be this equation ; then p = y / + yf 1 + yf N + &cj = 

yy + yy + 3/y + &c - r = yyv + &c - &c * 

Consequently, since the functions p 9 q, r, &c. with refer- 
ence toy,y, %f n 9 y } , are symmetrical, then in 

those transpositions of the roots x / 9 s/' 9 x! n 9 &c. for 
which the function t continues unchanged, they in like 
manner undergo no change. If . • . we denote the une- 
qual values of forms of t 9 by t' 9 t" 9 1"' 9 * (1 °, then 
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fV» 1"V'» '"V* ('W^ «* aU the pos- 

able unequal values of forms of t x p, and in the same way 

^ *"Y't '"Y'f (tf^Y «e ail the possible 

values of forms of t x q 9 and so on. But if this be 

symmetrical with reference to j/, x", a/", &c 

then also are the functions t ,x j/ + tf /x p" + tf" x p"'+ ... 

... + QtW, iV + «"Y' + f"Y" + + 

(l (,r) ) x y ( * > necessarily symmetrical with reference to a/, a/ 7 , 
j 7 ", &c., and consequently the unequal values of forms 

¥ 9 if', t /f/ 9 t 00 are sufficient for the determination 

of p, q 9 r, &e. Therefore the operation given in § CXLVI 
may be applied immediately, and, without any alteration 
to the coefficients p f q y r, &c. Thus, if we wish to deter- 
mine p 9 we find, in the first place, the transformed equa- 
tion for the function t according to the third chapter ; 
it is 

r + Pr- 1 + Qt w -* + jRr- 3 + &c. sa o. 

Having found this, we immediately get 

v,, + p'z,-* + <y„-3 + + u'zo 

in which P / = t + P, Qf = ** + Pt + Q, &c., and 
the symbol of the form, z k denotes the numerical value 
of the symmetrical Junction tfpf + t"fy/' + i/ flk jj" + ... 

+ (t iT) )Y w \ For the coefficients ^ r, &c. tl\e 

sajoae equation and the same expression obtain, with this 
exception, that by z k we must understand tjie numerical 

values of the functions tf'tf + t"*q ,f + £»*<(" + 

... + (t w yf w \ IV + *"V + t""r"' + + 
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SECTION CLI. 

So long as xf, x", x jn 9 &c. may be considered as the 
roots of a general equation x* + Ax*~ l -f Bx*~* + &c. 
=o, consequently of one whose coefficients A 9 B 9 C, &c. 
are undetermined, we shall always find rational functions 
of t for the coefficients jp, q 9 r, &c. But if these roots 
relate to a particular equation, then it may happen, 
according to the nature of the function t 9 that the common 
denominator irt*- 1 + *r— 1 . Pi*-* + tt— 2 . Qr^ + fcc. 
in the expressions for p, gr, r, &c. is equal to o, and that 
it even continues equal to o, when it is differentiated more 
than once. We now assume, that we must differentiate 
it fi — 1 times before the denominator ceases to vanish, 
consequently it follows, from § CLXVI, that the coeffi- 
cients p 9 q 9 r, &c. depend upon the same number of 
equations of the /uth degree 

p 1 + afp* k ~ i -f Up*-* + cfp*-* + &c. = o 

? m + a 'Y~ l + v'f* + c"^" 3 + &c, = o 

&c. 
which may always be found by the. method there given, 
and in which the coefficients d 9 V 9 d 9 &c. af ; 9 V 9 d f 9 &c. 
a tl, 9 V" 9 d /f 9 &c. are all rational functions of U 

All that has been said in this chapter respecting 
the function y 9 may also be applied to the function x. 
Thus, if we wish to determine a root, say xf 9 from the 
known value of a function t =./: (id) (a/ 7 ) (z /// )» ••(**)» 
nothing further is necessary, than to put j/=o/, and to 
proceed besides in the way already pointed out. 

We now perceive the reason why we are not able, from 
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the known value of a symmetrical function of the roots of 
an equation, whatever the nature of this function may be, 
to determine these roots. For since a function of this 
kind, in all the .transpositions of the roots, always retains 
the same value, . • . it must necessarily give all the roots 
at once ; and, however we begin it, we shall consequently 
always again get an equation, which is not different from 
the given one. 
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VIII. — A GENERAL METHOD FOR THE SOLUTION OF 
EQUATIONS OF ALL DEGREES. 

SECTION CLII. 

IN § CXLI we have seen that the requisites for the 
general solution of equations may be reduced to two ; viz. 
first, to find such functions of the roots, by means of which 
the equation, into which we have transformed the given 
one, is adapted to the solution ; and secondly, to determine 
the roots from the known value of the assumed functions. 
The second requisite we have handled in the foregoing 
chapter ; the first, together with its application to the 
general solution of equations, will form the subject of this 
chapter. 

In order to render the notation more easy, and the 
inspection more convenient, I shall henceforth omit in the 
types the letter x, together with the superfluous brackets, 
and for the dashes substitute numbers ; thus : f: (12345 

n) instead of /: (a/) (*") (a/") (*"%. (*<•>), and 

/: (342651) instead of/: (*/") (a/ 7 ) (a/') (x v/ ) (x v ) 

(*0. 

SECTION CLIII. 

Rule. When from the period of n types A u A t9 A 9 , 

A A . Ap.^.A, A n , which may be derived from the 

equation 

2 T 
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/: (123456 n— in) =/: (234567 nl) 

we take away any two A^ t A yt and find all the possible 
types, which may be derived from the transformation-rule 
Ay^A,; then we shall get a period, which, in the case 
where v — /i and v are prime numbers to each other, 
consists of all the n types A lt A if A z , ...... A n ; on the 

other hand, when v— fi and n have a common measure 

m, this period only consists of — of these types. The 

m 

types, which we successively obtain by deduction, succeed 

each other in the following order : 

AAA A A &i» 

so that the dashes p 9 v, 2v — /u, Sv — 2/i, 4v—3fi, &c. 
form an arithmetical progression, with the difference v— /x, 
when from all the terms of this progression, which 
exceed the number w, we omit this number as often as 
possible. 

Thus the equation 

/: (12345678) =/; (23456781) 
gives the period 



A / 

A / 

A / 

A / 

-4 / 

A- / 

-4 / 

4 / 



(12345678) 
(23456781) 
(34567812) 
(45678123) 
(56781234) 
(67812345) 
(78123456) 
(81234567) 



If we equate every two of these types, we obtain 
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For the 
equation 



The period 



A\, A$, A b , Ay, 

A i9 A 4 , A lf A%, A s , A 69 A$, A 6 

A l9 A s 

A\, A 69 A3, A 9 , 4*» "2> «"7* «4 

A i, An, A b , A s 

A\* As, A n , A € , A$ 9 A i7 Ai, A 2 

A%, A$, A+, A^, A^ Arj, A a, A\ 

A a , A ip A € , A 8 

A t , A 5 , Aq, A& A& Ai, A 4 , Arj 

The reason of this is easily found, and depends 
properties of numbers. 

Corollary I. The rule is also correct, when, instead 
of the type-equation A^A^ we take the type-equation 
A f -=-A^ if in the progression which is taken away, viz. 
v 9 p, 2p — v 9 3/i— -2v, 4[i—3v 9 5ja— 4v, &c., when we 
come to a negative term or o, we add the number n so 
many times, till it becomes positive. Thus we have 



A = A< 
A = A 5 
A\ = A a 
A\ = A^ 
A x = A g 
A 2 = A z 
A 2 = A 4 
A, = A S 
&c 

The 



on the 



for tne 
equation 


The period 




A % = A\ 


Ai, A i, Ag, An, A 6 , A bf A A , 


A s 


A 3 = A x 


A 3 , A i, A l9 A 6 




A< = A t 


A 4> A i, A 6 , A$, Aq, A b , A % , 


A, 


a, = a; 


A \, A 1 




A 6 = Ai 


A^, A l9 A A , Apj, A%, A b , A 9 , 


A, 


A 1 = ^*i 


A*-,, A i, A 3 , A b 




il 8 =s A x 


Ag, A k , A 2, A 3 , A i9 A b , A 6 , 


A \ 


&c. 


&c. 


• 
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Corollary II. If .*. n be a prime number, we then 
always obtain the same period again, whichever two of 

the types A l9 A„ A* A* * e P ut ^l** 1 to mtm 

another. 

SECTION CLIV. 

Transpositions of the kind, which the equation J u = 
A* or A v = A^ gives in the preceding §, are called re- 
curring transpositions, and the periods which are obtained 
from them, recurring periods. 

The characteristic feature of transpositions of this kind 
consists in this, that each root is removed one place 
forwards or backwards, and in the first case the last 
takes the place of the first; but in the second case, the 
first takes the place of the last, so that there is a kind of 
circular motion ; as if, for instance, a number of persons 
stand in a circle, having their backs to each other, and 
all walking at the same time either backwards or forwards. 

The transpositions are called recurring ones, when only 
some of the roots move in the manner just mentioned, 
but the remaining ones retain their places. Thus the 
equation /: (12345678) = /: (34512678) only gives 
recurring transpositions of the first five roots. The 
law of the preceding § is also true for this, when we 
take for n merely the number of the roots to be 
transposed, and the remaining ones are considered, as 
though they did not exist. 

SECTION CLV. 

Rule* If the equation a? + Ai*- y + Bx*-* + &c. 
=o, by the introduction of a function t=f: (12345. ..n), 
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be transformed into an equation of two terms f — K = o : 

then the roots of this last equation tf 9 t u > J"', t {n) are 

always the numerical values of such values of forms of 
the function t 9 as, taken together, form a period. 

Proof. The roots of the equation f — K = o may 
always, as may be seen from the fifth chapter, be 
expressed by t f 9 <xf/ 9 a*tf, aV, a""" 1 tf 9 when a. de- 
notes a primitive root of the equation f — 1 =o. There- 
fore I" B at' 9 tf" = ai" 9 if v = ol"', *•> = «l»- l > f 

t 1 = at w . Now, let A l9 A& A 39 A 49 A„, denote the 

values of forms, which correspond to the roots t ; 9 tf ; 9 t ,u 9 

t°°, then also must A 2 = aA l9 A 3 = aA t9 A i z=zaA 3 , 

A„ = aA^, A L = aA n ;- and since every such 

equation Av = «-4_i, independently of the particular 
values which we may assign to the roots x' 9 x /; 9 x/ l, 9 &c. 
must be true, it will also remain true, when in the two 
parts of this equation we transpose the above roots in any 
way, provided it be the same, because this is precisely the 
same as when the values of these roots are changed. If 
.•.we assume, that in A^ x , we have so transposed the 
roots a/, j/ 7 , rf N 9 &c. that it becomes A„ and that by 
the same transposition A v is transformed into any other 
value of form A w ; then we have also A w = aA* But if 
also Ay+i = aA„ consequently A v + X = A w . Hence it 
follows that A f+l is generated by the same transposition 
from A n as J„is from -4_ x ; .". A 2 is produced from 
A i, as A 3 is from A i9 as A 4 from A 3 ; and so on ; lastly, 
as A n is from A^ l9 and A x from A n . Since . • . all the 

values of forms A lf A 2 , A 3> A if A„ are deduced 

from one another by the same transposition-rule, and 
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from the last A*> the first A x is again obtained; .*. 
it fellows, that these n values of forms constitute a 
period. 

SECTION CLVI. 

Pbob. Amongst all the possible functions of the roots 
x f 9 x" 9 of the general equation of the second degree 
x s — Ax + B = o, find that one which is fit for its 
solution ; under the supposition that we know not how to 
solve any other equations, than those of the first degree, 
and those of the form & — K = o. 



Solution 1. Let t =/: (12) be that function, which 
is fit for the solution of the given equation. Since it has 
two values, viz. /; (12), /: (21), then the equation 
for t, taken generally, is of the second degree. If we only 
wished it to be of the first degree, then musty*; (12) = 
/; (21); but then/: (12) would be symmetrical ; and 
the roots x / 9 x u , could be determined from the known 
value of t only by the solution of the given equation itself 
(§ CXLIX). There now remains nothing further than 
to assume that the two values of forms/': (12),/: (21), 
are the roots of an equation of the form t* — K = o, 
because it was assumed that we know not how to solve 
an equation of the second degree of any other form but 
this. That they may be so, appears from hence, that 
they form a period (preceding §). 

2. Since K = — tV, when «', f" denote the two 

roots of the equation t* — K =s o ; then also K = — 

/: (12) xf: (21); and since this product remains 
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the same when we substitute x' for x y/ , .*. K is a sym- 
metrical function of these roots. Consequently this 
magnitude may be expressed rationally by the coefficients 
of the given equation. 

3. Since/; (12),/; (21) are the roots of the equa- 
tion f — K ss o, therefore /; (12) = - /; (21) and 
this is the only condition which we have to fulfil. 
Having once found the numerical value of f =/; (12), 
then also the roots j/, a/', may be determined without the 
solution of any other equation, because the values of forms 

/; (12),/; (21) are different (§ CXLIV). 

4. This condition, however, is evidently sufficient, 
when we put/; (12) = <f> ; (12) — <p : (21), where it 
is allowable, for <f>: (12) to assume every arbitrary 
function of a/ 9 x y/ which is not symmetrical. For 
from/; (12) = 0; (12) — 0; (21) we obtain by the 
substitution of x/ for x" 9 f: (21) = <f> : (21)— ; (12) : 
consequently/; (12) = — /; (21), as was required. 

5. Hence it follows, that all functions of the form 
<f> : (12) — <p : (21) are fit for the solution of the given 
equation. 

SECTION CLVII. 

Prob. Solve actually the general equation of the second 
degree x* — Ax + B = o. 

Solution 1. We have seen in the foregoing §, that all 
functions of the form t = <p : (12) — tf> ; (21) are fit for 
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the solution. Amongst the infinite number of functions 
which we can assume for $ : (12), the root x is the most 
simple. Put .'. f ; (I2)=a/, then *=*; (12)-*: (21) 
— ;r / — x". But the equation **— 1T= o gives JT= t* = 
(3/-*")* = x / *+x // * - 2aV' = [2]-2[l«] = J*-4i?; 
the transformed equation consequently is 

? - (A* - 4B) = o 

and this gives t = ± »/ (ii«— 45). We.', have the 
two equations 

x* + *" = ;i 

*> - x" = ± ^ (A 9 - 42?) 

and hence x '=±±^p^,^ 4±4^*>, 

2 2 

as was required. 

SECTION CLVIII. 

Pbob. Find the functions which are fit for the solu- 
tion of the general equation of the third degree 

_ x* — Ax* + Bx — C = o 
under the supposition, that we know not how to solve any 
other equations than those of the first and second degrees, 
and those of the form & — K = o. 

Solution 1. Let t =/; (123) represent all those func- 
tions which are fit for the solution of the given equation. 
Since the roots a/, j/', x /// f admit of six transpositions, 
consequently the function t contains six values; and 
these are 

/: (123), /; (231), /: (312) 
/; (213), /; (132), /; (321) 
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Consequently, taken generally, the equation for t is of the 
sixth degree, 

2. The six values of forms in 1 are arranged in 
recurring periods. Thus, in the first horizontal row, we 
have the recurring period y.- (123), and in the second 
f: (213). If we assume, that the three values of forms 
of the first period are the roots of the equation of two 
terms, viz. < 3 — JT=o, then K is the product of these 
three roots, and .• . =/: (123) xf: (231) xf: (312). 
But this product, as may be easily seen, is such, that 
in all the recurring transpositions of the three roots x' 9 
a/', a/", it undergoes no change : for if we perform these 
transpositions, we then obtain the period 

/.• (123) xf: (231) xf: (312) 
/: (231) xf: (312) xf: (123) 
/; (312) xf: (123) xf: (231) 

and these three values of forms of K are evidently not 
different from one another. The six values of forms of 
K y whieh arise from all the transpositions of the roots 
xf, x Jt , j/ ;/ , are . * . equal, taken three and three, and 
consequently this function has no more than two different 
values ; and these are 

/: (123) xf: (231) xf: (312) 
/: (213) xf: (132) xf: (321) 

of which one can be derived from the other merely bf 
putting the roots a/, a/' for each other. 

3. Since .*. K has no more than two different values, 
consequently this function depends on an equation of np 
higher degree than the second, and the roots of this eaua- 

% v 



I s 

3 
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tion ore these two values. But th&fe values adihit of a 
more simple form; for since K = **, and t =f: (123), 
then also JT= (/: (123) ) 3 ; and since the second value, 
at we have already seeft in 2, is obtained from the first, 
inerely by putting the root* x* 9 x" for each other, con- 
sequently (f: (2 IS)) 3 is the second value 6f K. 

4. Let 

A? — p K + j = o 

be the equation, on which the function K depends, . * . 
p the sum, and q the product, of the two values of JT. 
Consequently 

J>=(/.(l23))*+(/.(3iS)) 
q = (f: (l2S))» X (/: (213)) 
and these functions p 9 (/ are such, that in all the trans- 
positions of the roots a y , ft", x //f 9 they suffer no change. 
Since p and <j are symmetrical functions of the roots 
x 1 9 a/ 7 , x ,n 9 they may always .'.be expressed rationally 
by the coefficients of the given equation. 

5. We have consequently reduced the transformed 
equation for t, which originally Was of the sixth degree, 
to two equations 

fi - K = o 

JT 8 — pK + q = o 
and we are always able to determine the coefficients p 9 q, 
from A 9 B, C, when the function/; (123) is known. 
Having once determined the coefficients p 9 q 9 we then 
obtain, by the solution of the second equation, the two 
values of K 9 and it these hi successively substituted in 
the first equation, by its solution we obtain thfe six values 
of *. 
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6. Since all the values of t are different from one 
another, we may always determine (which is known from 
the foregoing chapter) the values of the roots a/ 9 x", j/", 
immediately from the values of the function t already 
found, and that without the solution of any other equation, 
however constituted this function may be. 

7. It now only remains to determine the function 
t «sjf; (193) in such a way, that the three values of 
forms/; (123), f: (231), /: (312), may be the roots 
of an equation of the form I 3 — K = o. If this be the 
case, then these three values must have such a rela- 
tion to each other, that 

/; (123) = af: (231) = * 8 /: (312). 
In order to perform this, we assume any ether arbitrary 
function <£ ; (123), and put 

/; (123) = ^^: (123) + J?0: (231) + C> : (312) 
in which A, B, 0, denote coefficients hitherto unknown. 
From this equation, by a proportional transposition of 
the roots, we obtain 

/: (231) = ^0: (231) + B<f> :"(312) + C$ : (123) 
/; (312)= A$: (312) + B$ : (123)+ Cty • (231) 

and when we substitute these values in the foregoing pro- 
portional equation, we get 



= a (A<f> 
=zc?(A<f> 



(123) + B<l> : (231) + C$ : (312) 
(231) + B4>: (312) + Cf: (123)) 
(312) + Bij>; (123) + C#: (331)) 

If we equate the coefficients of these values of fo^m?, we 
obtain, for the detj^minajion of 4 % ft C, the following 
equations: 
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B = aA = a*C 

C = aB = a 2 ^. 

Since a?=l, the first gives B=aA 9 C=a*A, and these 
values Verify also the second and third. The coefficient 
A remains undetermined, and we may . * . put it equal 
to 1. Consequently 

/: (123) as <£ : (123) + «^ : (231) 4- « 2 ^ : (312). 

8. We can, as was observed already, for <j> : (123) 
assume every arbitrary function ; yet, for another reason, 
those which undergo no change in the recurring trans- 
positions of all the three roots, cannot be used. For 
in the case where <p : (123) is a function of this kind, 
we have .- (123) = <p : (231) = ^ .' (312), and con- 
sequently/; (123) = (1 -fa-fa 2 ) ^; (123) = o, because 
1 + a -f a 2 = o. This restriction .'. might with good 
reason be omitted, since it is a necessary consequence. 



SECTION CLIX, 

Pros. Required to solve actually the general equation 
of the third degree x* — Ax- + Bx — C = o. 

Solution 1. In the foregoing § we saw, that all func- 
tions of the form <f> : (123) -f a$ : (231) -f a 3 ^ ; (312) 
are fit for the solution of equations of the third degree. 
Consequently there are numberless ways in which these 
equations may be solved. The most simple supposition 
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is0; (123)== a/; then 0: (231) = x", <j> : (312) 



r ///. 



• • 



/.• (123) = a/ + ax" + aV". 



% Hence we obtain 

(/:(123))3=[3] + 6[13] + 

3a(% J/ x i *+x'x f ' f * + x' // x''*) + So?(j)S» 

and when in this we substitute x 1 for x // 9 we get 

(f: (213) ) 3 = [3] + 6[l 3 ] + 

^(a/^+VV'^ + ^V 2 )* Sa^^V^+or^^+^x^ 2 ) 

or when, for shortness" sake, we put [3] + 6[l 3 ] = P, 
x"x / *+x f x J "* + x //, x" 2 =Q, x" / x / *+x / x //2 +x"x"' 2 ) = U, 

(/: (123) 3 ) = P + 3aQ + 3« 2 JJ 
(/.♦ (213)) 3 = P + 3«JJ + 3a*Q. 

3. Hence, by 4 of the foregoing §, we further obtain 

p=(f: (123)) 3 +(/: (213) ) 3 
= 2P + 3(« + « 2 ) (Q + R) 
or, since a + a 2 = — 1, and Q + R = [12], 

p = 2[3] + 12[1 3 ] — 3[12] 
and when for the numerical expressions we put their values 
taken from the annexed Tables, 

p = 2^ 3 — 9AB + 27C. 

4. Further, by the foregoing § i 

? =(/\. (123)) 3 X (/."(213)) 3 = 
(P + SaQ + S**K) (P+3aR+3a*Q) 

=P(P+3(a+a*XQ+R))+9(*+^)QR+9{Q?+R*) 
or, since a + a 2 = - 1, Q+.R = [12], QR = [3 2 ] + 
3[2 3 ] + [1«4], Q? + R? = [24] + 2[123] 
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+ 9([2*] + 2[l2S] - [3«] - 3[2*] - [l J *l) 
or when for the numerical expressions ire put their values, 

q = A 8 — 9A*B + »lA*B t — 27-fl* 
= (A* — iBf. 

5. Consequently, the two equations in 5 of the fore- 
going § are 

t»^lT=o 
p _ (tA* _ 9 AQ + 27C) K + (A* - SB? = o. 

6. Let £', K" be the two values of K r and t', t", the 
corresponding values of f, then 

r 7 =/.• (123) = x( + cue" + W = \/i7 

t"=f: (218) =«" + «/ + oV" = \/K". 

We have . • . for, the determination of, a/, x", x"' t the 
three equations 

/+ x" + £"' = 4 

x"+ on? + <#x"'. = S/P'. 

If we multiply, the third equation hy e\ and then add it - 
to the two first, after dividing by 8, we then get, since 
1 + a + «* = o, 

3 

If w^ multiply the secopd by of, and theii add it to the 
other two> ^e tljieij get 
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^ _ i + «*</& + </*» . 

3 

Lastly, if we multiply the two last equations by «, and 
then add them to the first, we obtain 

3 

7. But since each of the two irrational magnitudes 

S/M'i V W* bai three values, ft* instaface, the first 

the values *\/jT', *%/#, **%/#> a%d tfafe seechd the 

values o!sJk"> Js/jP\ i?\/-X?\ we must first deter- 
mine which are to be taken. I assert, in the first place, 

flittt flife twd rbots vfc 7 , V^ **»* always be com- 
bined tfith one aiid the same power 6f *; Fot let 

i / 
txf + an" + aV" = a* VJ7 

in ^hich the efcpdnehk v riiay either be oniS, two, or three. 
If in this equation H% put the roots x 7 atid i" for one 
another, we then obtain 

because in this cade JP is transformed into JT", .*. also 

\Jk* into \/Z". Hence it Mows, that ii the ttfti 
last of the three equations, consequently also in the tffesulw 

derived from them, the roots \ K' r \ K f/ > must always 
be combined with the saibe power of a. It only remains 
now to determine the Exponent v. 



*"'« 
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8. With this view, if we put in the values of j/, x", a/ //r , 

found in 6, *-\/ K', a*\/ K»tesJ K', \/ JT", respec- 
tively, then 

, __ A + g^/^ + a**\/K" 

T ///_ ^+^ i (\/^ / +>yg // ) 

i 

Now, since these three roots must also be found, wheit 
for a die other primitive root a* is substituted, then also 

,_ A+gt'+'Ct/K' 4- S/K ") 
3 

must be a root. But since this one is not to be found 

amongst the three here given, consequently no other 

assumption is allowable, except this one, that a v+1 = a* 

= 1; .-. v=2. Consequently a? S/K^ a*\/K n ) must 

be substituted for SJ K f , \/ K". If we actually do this, 
we find the three following equations : 

(A + \/K' + \/K") : 3 
(A + a \/K' + a*\jK'') : 3 

(A + cfi\/K! + *S/K«) : 3 . , 

in which it is only necessary for K' and K" to substitute 
$he two roots of the second equation in 5. 

9* If, for the sake of greater simplicity, we put A = o, 
then this equation is transformed into 

jr»-27CJr— 27iFs=* 
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Arid the two valdes of Jf are 

• *7[*C± */(*(? + * IP)]- 
If we substitute these values in the three roots in 3, we 7 
obtain 

s/tec+v(iC*+&&)]+ vtic-V(ic«+AF)] 

which agrees with Cardan's formula. 

SECTION CLX. 

Peob. Find the functions which are fit for the solu- 
tion of the general equation of the fourth degree, viz. 

a 4 — Jx 3 + Bx* — Cx + D = o 
under the supposition that we only know how to solve 
equations of lower degrees, and those of the form 
J 4 - K = o. 



Solution 1. Arrange the twenty-four values of forms of 
f: (1234) in recurring transpositions, under and opposite 
each other; (the symbolical function and the brackets- 
are omitted for shortness' sake) 



12 3 


4 


2 3 4 1 


3 4 12 


4 12 2 


2 3 1 


4 


3 14 2 


14 2 3 


4 2 3 1 


3 12 


4 


12 4 3 

13 4 2 


2 4 3 1 

3 4 2 1 


4 3 12* 


2 13 


4 


4 2 13* 


13 2 4 


3 2 4 1 


2 4 13 


4 13 2 


3 2 1 4 J 2 1 4 3 


1 4 S2 


4 3 2 r. 


Thus, in the first vertical column, we first putyV (1234> 


with its recu 


rrin 


g transpos 


itions oft! 
2 x 


ie three first roots. 
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this gives the recurring period /: (1234), /; (2314), 
f : (3124). Then we in like manner put f: (2134) 
with its recurring transpositions of the three first roots, 
and we obtain the period /: (2134), /; (1324), f: 
(3214). From the value of form /: (1234) by a 
recurring transposition of all the four roots, we further 
derive the values of forms /; (2341), f: (3412),/: 
(4123), and place them near /: (1234) in a hori- 
zontal row; we do the same with the remaining five 
values of forms in the first vertical column, so that in 
each horizontal row there is a recurring period. 

2. Since the four values of forms in the first horizon- 
tal row form a period, they may •*. be the toots of an 
equation of the form 

^-JTrso 

(§ 155). Now, since — K is the product of all the four 
roots, we have 

^JT=/; (1234) xf: (2341) xf: (3412) xf: (4123) 
and this product is such, that in all the transpositions 
of the roots we can obtain no more than the following six 
different values: 

/: (1234) xf: (2341) xf: (3412) xf: (4123) 
/: (2314) xf: (3142) xf: (1423) xf: (4231) 
/: (3124) xf: (1243) xf: (2431) xf: (4312) 
/: (2134) xf: (1342) xf: (3421) xf: (4213) 
/: (1324) xf: (3241) xf: (2413) xf: (4132) 
/: (3214) xf: (2143) xf: (1432) xf: (4321) 

which arise merely from the transposition of the three 

roots a/, x" y x/". 



i 
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3. From the equation t* — K = o, we obtain K = 
** = (/;(1234))*. Consequently also (/; (1234))* 
must be such a function, that in the recurring transpo- 
sitions of all the four roots it remains the same, and con- 
sequently has no more different values than those which 
arise from the transposition of the roots j/, j/', X*". 
Therefore the six values of K can also be expressed 
thus : 

if: (1234))*, {f: (2314))*, (f: (3124))* 
if: (2134))*, (J: (1324))*, (/: (3214))*. 

4. Since the function K has still six different values, 
consequently it necessarily depends on an equation of 
the sixth degree. If this equation be solvible, then it 
must admit of being reduced to such equations, whose 
solution is assumed to be known. I shall •'. assume, 
that the three functions (/: (1234))*, (/; (2314)),* 
(y*; (3124))*, which arise from the recurring transpo- 
sition of the three roots a/, x" 9 x" 1 > are the roots of an 
equation of the third degree 

I. K*-pK* +qK~r = o 

consequently the coefficients p 9 q 9 r, are no longer ra- 
tional, because otherwise K can have no more than three 
values. They must .*. depend on certain equations, 
which we shall now seek. 

5. Since if: (1234))*, if: (2314))*, (/; (3124))*, 
are the roots of the equation I, then 

p=(/; (1234))*+ {/: (2314) )*+(/: (31*4))* 
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V =(/7 (1234) )**(/: (2314))* 

+ (/: (1284) )*x(/: (3124) )* 
+ (/; (2314) )*x(/: (3124))* 

r=(f: (1234))* x </: (2314))* x (/\- (3124))*. 
The functions p, q, r, are evidently such, that in the 
recurring transpositions of the three roots a/, ar", a/" they 
undergo no change. But in the recurring transpositions 
of all the four roots a/, a/', a/' 7 , a/ F , they in like manner 
suffer no change, because the functions [f: (1234) ) 4 , 
(/: (2314))*, (/; (3124) ) 4 , remain the same after 
this operation (3). 

6. Consequently the functions p 9 q 9 r, can have no. 
more than two different values, viz. those which arise 
merely from the transposition of the roots a/, a/'. If.', 
we put, for shortness" sake, p =f: (1234), then phas 
no more than the two values f : (1234),/; (2134). 
Let these two values be the roots of the following equation 
of the second degree : 

/>* — p / p + q / ^o 
then 

j/=f: (1234) xf: (2134) 

?'=/: (1234) xf: (2134). 

The functions p', j/, are . • . such, that when a/ is substi- 
tuted for a/', they remain unchanged. But since in the 
recurring transpositions of the three roots a/, a/ 7 , a/ /7 , as 
also in the recurring transpositions of all the four roots, 
they also suffer no change ; they . • ., are necessarily sym- 
metrical, and consequently admit of being expressed 
rationally by the coefficients of the given equation. 
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What has been here said of p 9 may, in like manner, be 
said of q and r. Consequently these coefficients also 
depend on equations of the second degree with rational 
coefficients. 

7. The function *=/: (1234) .*. depends on the 
equation of two terms of the fourth degree, viz. 

*♦ - K = o 

and the coefficient K depends again on the equation of the 
third degree 

K 3 ~pK 2 + qK — r = o 
whose coefficients p, q 9 r, are represented by three equa- 
tions of the second degree 

p 2 — p 1 p + qf = o 

tf—piq +^1 = 

r 3 — pir + ^ = o 
whose coefficients p' 9 q / , p{, q[, p'*, qi 9 are all rational 
functions of the coefficients A 9 B 9 C 9 D. 

8. It only remains now to determine the function 
f: (1234) in such a way, that the values of forms 
/; (1234), /; (2341), /; (3412), /: (4123) may be 

the roots of an equation of the form i 4 — £=0. If this 
be the case, then they must have such a relation to one 
another, that 

/.- (1234) =*/; (2341) = a 2 /: (3412) = a 3 /: (4123). 
Now, in order to perform this, we put in a way similar 
to that in 7, § CLVIII, 

/; (1234)=: 
A$: (1234) +B<I>: (2341) + Cty: (3412) + D$: (4123) 

and derive from hence the values of/; (2341),/: (3412), 



A* 



342 

/; (4123). If we substitute now these values in the 
foregoing proportional equation, we then get 

(1234) +Bf: (2341) + ty: (3412) + 2ty: (4123) 
(2341) + ty: (3412) + Cp : (4123) + &?: (1234)) 
(3412) +Bp: (4123) + Op: (1231) +/><>: (2341)) 
(4123) + Bp : (1234) + <% : (2341) -f B* : (3412) ) 

and when we put the coefficients of these values of forms 
equal to one another 

A=aD= <*C = a?B 
B = a A = o*2> = a*C 
C=aB = c?A=: a?D 
Z)= aC = o?B =a?A. 

The first equation gives BszaA, C=c?A 9 D=zo?A; 
and these values verify also the second, third, and fourth 
equations. We have consequently 

/; (1234) = 
$: (1234) + **.- (2341) + afy ;(3412) + flfy .-(4123). 



SECTION CLXI. 



Peob. Solve actually the general equation of the fourth 
degree 

a* - Ax 3 + Bx* - Cx + D = o 

under the same conditions as those of the foregoing problem. 

Solution 1. We have seen in the foregoing §, that all 
functions of the form 0; (1234) + af : (2341) + 
a?<p: <3412) +a 3 f« (4123) are adapted to the solu- 
tion. If, for the sake of greater perspicuity, we put 
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+ : (1234)=*', then 

■ /; (1234) = x / + •*" + A y// + aV r 
or, when we briefly substitute for a one of the primitive 
roots of the equation ** — 1 = o, say + V— -1, 

/; (1284) = x f - *"' + (*" - a/ 7 ) 7 - 1. 
Hence we obtain 

/: (2314) == x" - x' + (*"' -^V" 1 
/: (3124) = x" f -x" + (a/ - x /r ) a/ - 1. 

2. By 5 of the foregoing §, we .• • have 

p^(x / x /// + (x J/ ^x /v ) V-l ) 4 + (o/'^+(*' // -* /r ) \/-l ) 4 

+ (a/ // ^ // +(a/-x /F )^-l) 4 
j=(y-^ / +(^ / -o/ |r >>/.l) 4 x (y^+(^ // -^0 */-*)* 

+ (j/ / V+(» /// -fl/ , V-i ) 4 x ( y^^+C^-^OV-i) 4 

r = (a/-* /// +(j/ / -^ F ) \/-l ) 4 X (a/'-a/+ Or"'-*") vM ) 4 

x(^ // V / +(^-x /F )\/-l) 4 
The functions /?, q 9 r, are evidently such, that each of 
them can only have a single value which is different, viz. 
that which arises from the one here given* when we 
substitute x // for x / 9 and, vice versa, x f for x"\ Conse- 
quently each of these functions depends on an equation of 
the second degree, which may be found by the method 
already weH known from the foregoing §. As the subject 
contains no difficulty, and the calculation is rather diffuse, 
I shall dwell no longer upon it. 

3. In the preceding chapter we have seen, that in two 
homogeneous functions the value of one may always be 
determined from the value of the other by a rational 
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expression, so long as we have to do with general equa- 
tions. Consequently also the values of q, r may be 
found immediately from the known value of p. Now, 
since p has two values, consequently the magnitudes? 
p, q, r may be determined in two different ways. Every 
such determination gives an equation 

K 3 - pK* + qK - r = o 

and we .*. obtain generally six values of K. If we put 
K=zf : (1234), then the six values of forms, which 
correspond to these numerical values, are those which 
arise from the transposition of the first three roots 
(§CLX, 3); .-./; (1234),/; (2314), /; (3124), 
/; (2134),/; (1324),/: (3214), of which the three 
first correspond to the three roots of one equation for K, 
and the three last to the three roots of the other. 

4. Let K' 9 K f/ , K /;/ , be the three roots, which cor- 
respond to the values of forms/ ; (1234),/; (2314), 
/; (3124). If we substitute these values of K in the 
equation f 4 — K = o, we then obtain for t three values 

\/z' 9 S/Z"> S/Z" 1 * and to these .-. the values of 
forms /; (1234), /; (2314), /; (3124) correspond. 
Now, since /; (1234) = j/ + ax" + aV" + aV F , we 
then have, including the equation jZ+^ + ^+a/ 7 
= A, the four following equations : 

a/ + x" + jf» '+ x yv = A 
x' + cud' + ofix"' + «V K = sjK' 
x" + ax"' + «V + «V = \/k" 
x"' + ax' + a»x" + a>x" = s/k"'. 
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6. If we multiply the three last by a, and then add 
them to the first, we obtain, after dividing by four 

A + a <sl K> + \/ TL» + \/K"') 

and the remaining roots a/, x J/ « j/ /x , are all of the form 

«^ + A \/K' + c\/ X" + &\/K»' 9 in which a, ft, 
c, <Z, denote certain functions of «, which are different 
for each of these roots. 

6. It may now be shown in a similar way with that in 7 

§ CLIX, that the roots V-iE 7 , V K"> V £'"» ™»t 
be combined with the same power of a. For if we put 

then also must 

and 

a/// + aa/ + A" + a z ot/ v = a" \/ K"' 

because K J in the first transposition is transformed into 
K ,f \ and in the second into K f// y but a v remains the 
same. Now I assert, that necessarily v = 3, since other- 
wise a would not vanish from the value of x v , and conse- 
quently amongst the roots a/, x // , a/ 7/ , there must be 
another of the form of the root a/% because for a we could 
also have substituted the other primitive root of the equa- 
tion a? 4 — 1 = o. We are certain . • . , that 

__ J+\/ K' + \/ K» + \/ K'» 

X «»■ - — ■— — * ' ■■■■■■ ■ 

4 
is a root of the given equation ; and we could also have 

2 Y 
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found the other roots, if we hod given ourselves the tnrable 
to solve the four equations in 4. 

SECTION CLXII. 

Pros. Find functions, which are fit for the solution of 
the general equation of the fifth degree 

under the supposition, that we know not how to solve any 
other equation but those of lower degrees, and those of 
the form ** - JT=0. 



Solution 1. Arrange the 120 values of forms of the 
function t =f: {12345) in recurring periods, as follows : 
(symbolical functions and brackets are omitted) 



12 3 

2 3 1 

3 12 


4 5 
4 5 
4 5 


2 3 4 5 1 

3 14 52 

12 4 5 3 

13 4 5 2 
3 2 4 5 1 

2 14 5 3 

3 4 15 2 
14253 
2 4351 


3 4 5 12 
14 5 2 3 
2 4 5 3 1 
34521 
2 4 5 13 
14 5 3 2 

4 15 2 3 
4 2 5 3 1 

43512 


4 5 12 3 
45231 
4 5 3 12 
4 5 2 1 3 
45132 
4 5 3 2 1 
15 2 3 4 

2 5 3 14 

3 5 12 4 


5 12 3 4 
5 2 3 14 
5 3 124 


2 13 
13 2 

3 2 1 

2 3 4 

3 14 
1 2 4 

* 


4 5, 

4 5 
4 5 

1 5 

2 5 

3 5 


£2134 
5 13 2 4 
5 3214 
5 2 3 4 1 
5 3 142 
5 12 43 


4 3 2 


1 5 


3 2 15 4 


2 15 4 3 


15 4 3 2 


5 4 3 2 1 



Thus in the first vertical column we find die 24 transpo- 
sitions of die four first roots arranged under one another, 
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in the same way as they were in 1, § CLX. The four 
following columns contain the recurring transpositions of 
all the five roots, and in such a way, that in each hori- 
zontal row there is a period. 

2. According to this arrangement, the 120 values of 
forms of the function /: (12345) may •*. be generated in 
the following way. From the two values of forms, 

f: (12345),/; (21345), which form a period of recur- 
ring transpositions of the two first roots, we derive, by 
recurring transpositions of the three first roots, the six 
values of forms, /; (12345),/; (23145),/; (31245)> 
/; (21345),/; (13245),/; (32145). From these, by 
recurring transpositions of the first four roots, we get the 
24 values of forms which are contained in the first vertical 
column in 1 ; and lastly, from these again, by recurring 
transpositions of all the five roots, we derive all the 120 
values of forms, 

3. Let the five values of forms/; (12345),/; (23451), 
/; (34512),/; (45123),/: (51234), be the roots of 

the equation of two terms 

<«- JT=0 
then JTis their product, consequently 

JT=/; (12345) xf: (23451) xf: (34512) 
xf: (45123) xf: (51234). 
If, for the sake of brevity, we put K s=/' ; (12345), then 
/; (12345) is a function such, that in all the recurring 
transpositions of the five roots, it remains the same, be- 
cause in each such transposition, one of the five factors, of 



348 

which it is composed, merely changes place with another* 
Consequently all the values of K include 24 times five 
equal values, and . * • this function can contain no more 
than 24 unequal values, and they are those. which corres- 
pond to the 24 transpositions in the first vertical column 
in 1, and consequently those which arise exclusively 
from the transposition of the four roots, a/, x" 9 a/ /7 , j/ f . 

4. The equation for t> which, taken generally, is of 
the 120th degree, is consequently already reduced, by the 
introduction of the function K 9 to an equation of the ,24th 
degree. Each root of this last equation gives five values 

of t, viz. \/jr, * \Z*j <*\/k* **\/K> <*\/K, and 
. * . all the 24 roots together give all the 120 values of t. 

5. Since JK = <* and t =/; (12345), then also 
K*=f: (12345) =/; (42S45) 6 . The 24 roots of the 
equation for K are . • . no other than the results of the 
transpositions of the four first roots in (/; (12345)) 5 . 
We must now endeavour to reduce this equation. 

6. With this view I shall assume, that the four values 
of forms /; (12345), /: (23415), /; (34125), 
f : (41235), which together constitute a period of re- 
curring transpositions of the four first roots, are the roots 
of an equation of the fourth degree 

K -pK* + qK*-rK + s = 0; 

then the coefficients/?, 9, r, *, are symmetrical functions of 
these four values of forms, and, consequently, in each re- 
curring transposition of the roots a/ 9 x" 9 x" V F , they remain 
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the same, because in each such transposition, one of these 
values merely changes place with another. Therefore they 
can contain no more unequal values than those which arise 
from the transposition of the roots a/ 9 .r", x" f \ conse- 
quently six values. Therefore the coefficients p 9 q, r, s, 
depend on equations of the sixth degree only. 

7. Since p 9 q 9 r, s, are homogeneous functions, be- 
cause they all change only when the roots a/ 9 x y/ 9 x J,/ 9 
are transposed, we are .*. always enabled, from the 
known value of one of these coefficients, say p 9 to find 
directly the corresponding values of the remaining ones 
q 9 r, 8 9 (§ CXLIII). It is consequently quite sufficient 
to solve the equation for p. Moreover, the six corres- 
ponding values of p 9 q 9 r, s, give six such equations as 
those in 6 ; and since each of these equations gives four 
values of K 9 consequently all the six equations together 
give the 24 values of K. 

8. If we put^=/": (12345), then/": (12345), 
/"; (23145), /"; (31245),/"; (21345),/': (13245), 
/": (32145), are the six unequal values of forms of 
p, which form two periods of recurring transpositions of 
•the three roots xf 9 x", a/". I shall now assume that 
the three values of forms of the first period/" : (12345), 

/": (23145),/": (31245), are the roots of an equa- 
tion of the third degree 

p* _ j/jf + fa _ y/ _. 0; 

• " •&> H** ^9 are symmetrical functions of these three values, 
and consequently in each recurring transposition of the 
three roots *', or", *"', they remain the same. They 
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.• . can have no more than two different values, viz. those 
which arise merely from the substitution of x J for x J/ . 
Besides, if j/ be found, then also ^, r 1 may be found 
immediately, because these three functions ace homo* 
geneovs. 

9. \j&p/=f": (12345), then/ 77 ; (12345), f" : 
(21345) are the only two. unequal values of forms of 
this function. If .*. we assume, that they are the roots 
of the equation 

then p f/ 9 </' are symmetrical functions of the roots a/ 9 
x" 9 xf") a/ F , x J 9 and may consequently be expressed 
rationally by the coefficients A 9 B 9 C, D 9 E 9 of the 
given equation. 

10. We have now . • . reduced the equation for t of the 
120th degree to the following equations : 

I. t* -K = 

II. K*-pK s + qK*-rK + s = 

III. f - j/p* + <jp - r' = 

IV. y*-jrV+j" = o. 

Having found the equation IV, we obtain from it two 
values of pi. If we substitute one of these values of pi 
in the equation III, and for g 7 , r / 9 the corresponding 
values, we then obtain, by the solution of this equation, 
three values of p. Lastly, if we substitute one of these 
values in the equation II, and for q 9 r 9 r, their corres- 
ponding values, we then obtain four values of Jl, and 
from one of thesQ values that of r. 
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11. We now wish to inquire, bow the function t must 
be constituted, in order that the five values of forms 

/.• (12345), /.- (23451), /.• (34512), /.• (45123), 

f: (51284), may be the roots of an equation of the 

form J 6 — K=o; for this was the supposition with which 

we set out. If this condition be fulfilled, we then must 

have: 

/; (12345) = afz (23451) =s a 2 f: (34512) 
% = a 3 f: (45123) ■=* a A f: (51234). 

Of this kind, however, are all the functions of the form 

: (12345) 4- a$ : (23451) + « 2 ^: (34512) 
+ a B <j> : (45123) + * 4 .- (51234). 

Consequently all functions of this foim are fit for the 
solution of an equation of the fifth degree, under the 
supposition that we are able, from the known value of this 
function, to determine the roots x f , a/', a/", x /v 9 a? F . 

12. But I affirm, that this last supposition is always 
correct, whatever function we may assume for 
^ : (12345). For since t 9 in every recurring transpo- 
sition of all the roots, changes its value, • * . it can have 
at most only twenty-four equal values, viz. those which 
are in the fust vertical column in U Now, since amongst 
these values there is not a single one which has x Y in the 
first place, consequently, these can only at the same time- 
give the roots a/j af* 9 a/", s Jr 9 but the root x v would 
always admit ef being determined rationally from i. 
Therefore, equations «£ the fifth degree may be solved 
in an infinite number of ways, and we shall see in the 
scqud, that this is generally the case with aH equations. 
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13. Since/.- (12345)= (/.- (12845) )*, and p = 
/.- (12845)+/.' (23415)+/.- (34125)+/.- (41235), 
then also, since we have put p =/' • (12345), 

/'.- (12345) = (/.- (12345) )» + (/.- (23415) )» + 

(/: (34125) ) 6 + (/.- (41235))*. 
Further, since / =/'; t (12345) +/': (23145)+/'.- 
(31245) =/ // : (12345), then also, when the requisite 
transpositions of the roots are made, 



/".- (12345) =(/ 

(/ 
(/ 

(/■ 

(/ 

(/ 



(12845) )*+(/ 
(34125) )*+(/ 
(23145) )*+(/ 

(14235) )*+(/ 
(31245) )*+(/ 
(24315) )*+(/ 



(23415))* + 
(41235) ) 5 + 
(31425) )» + 
(42315) ) s + 
(12435) )* + 
(48125) )*. 



If in this we substitute x' for x", we obtain 



/".• (21345)= (/ 

(/ 
(/ 
(/ 
(/ 
(/ 



(21345) )*+(/ 
(34215) )*+(/ 
(13245) )» + (/ 
(24135) Y+(f 
(32145) Y+(f 



(13425) ) 6 + 
(42135) Y + 
(32415) ) 5 + 
(41325) ) 5 + 
(21435)) 6 + 
(13425) ) 5 . 



(14325) ) 5 +(f 

Hence we see, that the two functions/ 7 "; (12345) and 
f" : (21345), taken together, give all the possible values 
of (/; (12345) ) 5 , which arise from the transposition of 
the four first roots, consequently all the unequal values 
of this function. Therefore, since Y' =/ // : (12345> 
+/ r// • (21345), p" is a symmetrical function of a/, x", 
a/ 7/ , a/^y x v 9 which is obtained immediately from the 
function (/: (12345) ) 5 , when we take the sum .of all 
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the values of this function, which arise from the trans- 
position of the four roots x / 9 x"> x /// 9 x /v . 

14. Further, because <f=f": (12345) xf" : (21345), 
we then immediately obtain the function y // , by taking 
the product of the above two values ioxf /f/ : (12345) and 
f n ': (21345). Besides, it is evident, that both in p" 
and q f/ the root a must vanish, because otherwise t would 
have more than 120 values. 

SECTION CLXIII. 

Pbob. Solve actually the general equation of the fifth 
degree 

x* — Aa* + Bx* - Cot* + Dx — E = 0. 

Solution 1. Since for <f> : (12345) in the foregoing §, 
we can assume any arbitrary function, in order • •. to 
simplify the calculation, I shall assume for it the root x, 
and put .• (12345) = x f . Then <p : (23451) = x", 
0; (34512)=x /// , 0: (45123)=a/ F , 0: (51234)=ff r ; 
hence 

t =/: (12345) = x / + axf' + aV" + a?x /r + a A x r 

and .'• 

(/; (12345) ) 5 = (^ + «*" + aV" + «V F + ch?f 

to which expression we can also give, as in § CXL, the 
form 

(ax* + cfx" + aV" + aV F + atx*)*. 

2. If we solve this expression according to the powers 

% z 



354 

of «, it hat, for the kmmm given in 18, § CXXXIX, 
the following form : 

C + 5"* + V"+ + V* + SV 

and then 

$' = [5] + 120 [l 5 ] + 
i x»x"x r +x*x'"x" + xW" + *"W+ 
+ 20 JxV"V+x'V"V r +x / x /, x /n + x"W 

x'W* + aPW'aP* + x'V'V + x" / V r x F * C 
+ W x ' + z"V"'x v i 

5 (x' V + x"V" + x""x" + x , x n +x ,r *x r ) 
+ 10 (x a x /n +x n x" n +x" 3 x n +x' n x' n +x"»x v *) 
,x n x'"x r + xW r + xV' V s + x'V'VX 

+20 ( . +*"yv> ) 

/ x'W + xW'* + a/V V» + a"*""*" 8 \ 
+ 8< H +*"'x"»x ra / 

WV'V T + *V'x" V» + xWV \ 
+x / x /// *x /r x F +x / 'V"x /,r x r / 



+60 f 



5 (!«/'+/'/ +x'x /F4 +x / "V+x"x F4 ) 
+ 10 (x /8 x"»+x //s r /// »+x /s, x f3 +x ///8 x y,s +x /r3 x F ») 
/*W+xW+*VV"+xW^ 
V +*»W» J 

, [Mat* + x'V'V + xVV 8 + *"V'V»\ 

+ 6*0 p**"*"'* +**"*"*" +* , *"* ,r *\ 
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-f 1 (a/V /3 + x J *x r2 + a/' V //3 + x 7// V F3 + x^x F3 ) 

\ + i /// V F r F ) 

-f SO (WW + x f x //2 x ,n + a"W») 

V + zVV'V + 2V W 2 ) 

+ 1 (V V" 2 -f ^ 2 + a/ r3 + a/' V 2 -f ^'V 3 + x" /s x V2 ) 

I + a/V F3 ar F / 

+ 3 ° V + aV^V 2 + ^"W / 

+ \ + 3/x?'x' /f x fY * + a' V'VV" / 

3. Now, if in the expression £' + %'a + £ w a* + 
g /r o? + ? r a 4 , we perform all the possible transpositions of 
the roots x / 9 a/ f 9 xf" 9 x Jr 9 and denote the sum of all the 
results thus obtained by 

X! + ?/« + C"V + £'V + ? V 
we then find 

£'±±24 [5] + 8 »20 [l 2 3]+S . 30 [12 2 ]+24 .120 fl 5 ] 
£"=6* 5 [l4] + 6 . 10[23] + 4 ,20 [l 2 3] + 4. S0[12 2 ] 

+ 6* 60[l 3 2] 

and for J'", J", £ F , the same values as for £". There- 
fore 
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V + XJ'a + £'"«« + ir* + r* 4 = 
v +? // (« + « , + « 3 + * 4 ) = v - 1" ; 

because a + a* +«» + ** = [l] - 1 = — 1. 

4. But by 13 of the preceding § the coefficient p // is 
the sum of all the values of forms of (/.- (12845)) 5 , 
which arise from the transposition of the four first roots ; 
we have . * . also 

j/' s V + V'a + Z!"* + l fv o? + £ V = ZJ - J". 

Now, if we substitute for ?', Zf\ their values already found, 
we then get 

jf' = 24 [5] - SO [14] - 60 [23] + 80 [1*3] 
+ 120 [12 s ] — 360 [1 3 2] + 2880 [l 5 ] 
and when for the numerical expressions we substitute 
their values taken from the annexed Tables, 

// / = 24il*- 150A*B+ 150AB* + 250 4?C 
— 250 BC - 1250 AD + 6250 E* 

5. By a method not much different from this, we may 
also find the coefficient qf\ Having, however, found pP 
and q f/ , then the solution of the equation IV in 10 of 
the foregoing §, gives the value of //. Having obtained 
j/ y then we may also find the coefficients tf, r* of the 
equation III ; and the solution of this equation gives the 
value of p. From the known value of p we may now 
again find the coefficients q 9 r, «, of the equation I. But 
the calculations by this method would be extremely 
troublesome, and almost impracticable. I shall, in the 
third part of this collection, show bow it may be short- 
ened essentially, and at the same time give the complete 
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solution of equations of the fifth, sixth, and seventh de- 
grees. 

6. Let K', K" 9 J7" f K fy , be the four roots of the 
equation II, consequently 

/'; (12345) = K! % fi (23415) = K" 
f: (34125) = K"\f: (41235) = K' r . 
If we substitute K' 9 K" 9 X'", K /r , for K in the equa- 
tion I, we then get for t four values x/X 7 , \/ K", 

\/K'"> V K' v , and the values of forms /; (12345), 
/: (23415), /; (34125), /; (41235) correspond to 
these values ; we . • . have 

/; (12345) = \/K! , /; (23415) = \/ K" 

f: (34125) = \J K'", f: (41235) = \/ K'\ 

If we substitute here for f: (12345), its value x f + 
a x // + a**/" + o?xf y + a A x r 9 we then get, including 
the equation x / + x" + x /// + x /y -f x v = A 9 the fivq 
following equations : 

x f + x // -f j/ 7/ + a/ y + x v = A 

3/ + ax" + aV" + «V F + aV = \/ K' 

x" + ax"' + «v F + «y + «v = v^s:" 

*"' + ax" + aV + a 3 *" + aV = V^X"' 
X* + a* 7 + *V 7 + a*x"' + a 4 * K = s/K". 

7. If we multiply the four last equations by a, and 
then add them to the first, since 1 4- a + a* + a z + 
a 4 = % [l]=o, we get immediately 
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_ A + a(\/K' + \/K" + S/K'" + y/ K*) 



5 



and the remaining roots x' 9 j/', a"', x^, are all of the 

form aA + VsJ K' + t\/K" + d\/K'" + c\/ K" 
in which a, b> c, d, e, denote certain functions of a. 
Hence now we may conclude, in a similar way as in equa- 
tions of the third and fourth degrees, that 

A + \/K' + \/K" + sj K'» + \/K' F 

5 
ii a root tif the given equation* 

8. Raving . * . solved the equation II, we immediately 
have a root of the given equation, and the remaining 
roots may be determined from the five equations in 6, by 
elimination, if, after having performed the calculation, we 

merely substitute af\J K f , <*\/K", <*\/K"\ cfi^/K* 

for \/K\ \Zl£", V *'"• y/K". 

SECTION CLXIV. 

P&ob. Find functions, which are fit for the solution of 
the general equation of the sixth degree 

y* _ J j* + jB^4 _ (j x 3 + D ^ _ Ex + F a 

under the supposition, that we know not how to solve any 
other equations th&n those of lower degrees, and those of 
the form r 5 — K = 0. 

Solution L With the view of arranging the 1 .2.8. 
4 . 5 . 6 ss 720 values of forms of/; (123456) in a re- 
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cumiig order, if we put the 120 values of forms in 1, 
§ CLXII, in a vertical column under each other, and 
add to each the root x r/ in the last place, we then have 
120 values of forms, all of which end with of'. From 
each of these, if we derive, by a recurring transposition of 
all the six roots, five others, we then get 120 periods, 
each consisting of six values of forms, consequently the 
720 values of forms of/: (123456). 

2. I shall now assume, that the six values of forms of 
the first period /; (123456),/; (234561),/; (345612), 

f: (456123),/: (561234),/; (612345), are the roots 
of the equation 

* 6 -K = 0; 
then — 2£ is the product of all these roots, and hence 

— £=/.- (123456) x/; (234561) x/: (3456l£) 
x/; (456123) xf: (561234) x/: (612345). 
This product, however, evidently undergoes no change 
in each recurring transposition of all the six roots a/, a/', 
a/" 9 x 1 *, x v y a F/ , because in each such transposition, one 
factor merely changes place with another; consequently the 
720 values of forms of K, taken six and six together, are 
equal. Therefore K can have no more than 120 different 
values, and these 1 20 values are no other than those which 
have &' in the last place, and which consequently arise 
merely from the transposition of the five remaining roots. 

3. Since K = **, and t =/,* (12.3456), then alsa 
JE=* (/: (12*456) ) 6 . Consequently the function 
(// (120456) ) 6 can have no none different values thai* 
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those which exclusively arise from the transposition of 
the roots a y , x /f , a/", x^, a*. For shortness 9 sake, I shall 
denote them by/ : (123456), and assume, that the five 
valuesof forms/: (123456),/; (234516),/; (345126), 
/; (451236),/.- (512346), which arise from the re- 
curring transpositions of the five first roots x', x", x"', 
x^, j*, are the roots of the following equation of the 
fifth degree : 

X* - pK A + qK? - rK* + sK - u = o, 
then p, q, r, *, u, are symmetrical (unctions of the above 
values of forms, and consequently undergo no change in 
each recurring transposition of the first five roots. But 
since they also remain the same in the recurring transpo- 
sitions of all the six roots, they consequently can contain 
no more different values, than those which arise exclu- 
sively from the transpositions of the roots a/, x", x 7 ", a/ 7 . 
Therefore each of these functions depends only on an 
equation of the 24th degree. Since they are homoge- 
neous, it will be sufficient to have determined one of these 
functions. 

4. If for the sake of brevity, we put p=f : (123456)' 
then/ 7 •' (123456) can only undergo a change when the 
four first roots are transposed. I shall now assume, that 
the four values of forms/ 7 : (123456), /'•• (234156), 
/': (341256), /': (412356), are the roots of the 
following equation of the fourth degree: 

then the coefficients //, tf 9 r 7 , j 7 , are symmetrical func- 
tions of these values of forms, and consequently in each 
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Recurring transposition of the four first roots they remain 
unchanged ; and since they also remain the same in the 
recurring transpositions of the first five and of all the six 
roots, consequently, amongst the 720 values of forms, 
there are no more than six which are different, viz. those 
which arise exclusively from the transposition of the three 
first roots x y % x", a y// . 

• 

5. I put p / z=f /u ; (123456), and assume that the 
three values of forms f ,u : (123456), /'" ; (231456), 

f : (312456), are the roots of the following equation of 

the third degree : . 

p/3 _ j//j/2 + ^y _ ,// = . 

theny, 9 7/ , r", are symmetrical functions of these values 
of forms, and consequently in the recurring transpositions 
of the three first roots suffer no change ; and since they 
also remain unchanged in the recurring transpositions of 
the four and five first, likewise of all the six roots, .*. 
each of these functions can have no more than two differ- 
ent values, viz. those which arise from the transposition 
of the two first roots. 

6. If.-, we put //' =/ /r ; (123456), and assume 
that the two values of forms/ /F ;(12S456),y rr ; (213456;, 
are the roots of the equation 

ft* - jf'y + j" = 0, 
then the functions jt" % q[" undergo no change in tjie 
transposition of the two first, three first, four first, five 
first, and all the six roots, consequently they are symme- 
trical, and . • . may be expressed rationally by means of 
the coefficients J, B 9 C, Z), -E 9 F, of the given equation. 

8 4 
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7. The equation tat J, irhieh originally was of the 
730th degree, has consequently been reduced by these 
successive operations to the following equations : 

I. r* - K = 

II. K*-pK' + qK 3 -rK t + 8K-u = 

III.p* - f/p* + 4? - r'p + * = 

iv. p*-p"p* + 4 / p'-t" = o 
v. p"> - p"'f + 4" = o 

which are so constituted, that the coefficients of eachtf 
them depend on the solution of all the foHpwicg equa- 
tions. The equation V gives two value* of ff f 9 , v the 
equation IV six values of y, consequently the equation 
III 24 values of p 9 and ••• the equation II 120 values 
of K, consequently the equation I 720 values of i. 

* * * 

8, Therefore, if the Amotion t be such, that the values 
.of forms /: (J 23456), /: (234561), f: (345612), 
/; (456123),/: (561234), /: (6123^5), are the roots 
of the equation t 6 — JTaao, consequently k is always fit 
for the solution of an equation of the 6th degree. B«t 
nothing more will be required to effect this, than that 

f: (123456) = <*/: (234561) = «*/: (345612) 
= «»/.• (456123) = a 4 /.- (561234) =s <**f: (6l£345) 

when a denotes a primitive root of the equation t? — l=sO. 
But all functions of the form 

$: (123456)+ a<f>: (234561) + <*?$ : (345612) 
+ a 3 ^ : (458123) + « V (561&34) + cPf : (612345) 

are of this nature. Consequently all /unctions of this 
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kind are fit for the solution of equations of the 6tb 
degree. Besides, we need not be apprehensive of not 
being able to determine the roots of the given equation 
from these functions ; for, since the equal values of form* 
of/; (123456), if indeed it should have any, can only 
be found amotogst those which have x r/ in the last place, 
consequently x v/ cannot be amongst the roots, which 
correspond to the equal values of * =/; (123456), and 
.'. , by the foregoing chapter, this root at least must be 
determined from the knpwn value of t by a rational 
expression. 

SECTION CLXV. 

Prob. To solve actually the general equation of the 
6tji degree in the foregoing §. 

Solution 1. If, to facilitate the operation, we put 

4 ; (123456) ss a/, then 

/; (123456) = x* + ax" + a*x"' + o?x ,v + a K x v + a*x yf . 
We have .•• 

/; (123456) ss (/; (123456) ) e 
= ix f + *xf'+ a*x"'+a*x /r + a*x r + a*x T/ ? = 
«_« (**/ + «**//+ tfx/tt + a 4 x /v + cfx v + a*x r/ )« 

= (ax* + a*x" + o?x" f + a A x /y + a*x r + aV) 6 . 
This transformation was performed merely in order to 
make the dashes over x agree with the powers of a , by 
which means the solution of the polynomial is rendered 
more easy. 

% By 2 of the foregoing §, f l ; (123456) is the sum 
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of all the results which are obtained from the recurring 
transpositions of the {foe first roots mf : (123456), con- 
sequently also the sum of all the results, which arise from 
the transposition of the five first roots in (/; (123456)) 6 . 
Further, by 8 of the foregoing §,/"; (123456) is the 
sum of all the recurring transpositions of the four first 
roots in/ 7 ; (123456), consequently also the sum of all 
the recurring transpositions of the four and five first roots 
in (/; (123456) ) 6 . By 4,/ F : (123456) is the sum of 
all the recurring transpositions of the three first roots in 
f ,f : (123456), consequently also the sum of all the 
recurring transpositions of the three first, four first, and 
five first roots in (/; (JL23456) ) 6 . Now, since by 5, 
;/"=/ F ; (123456)+/ F : (213456), .-. also tf" is the 
sum of all the recurring transpositions of the two first, 
three first, four first, and five first roots in (/: (123456) ) 6 , 
consequently the sum of all the values, which are 
obtained from this function by the transposition of the 
five first roots. 

3. In order .*• to find the coefficient p /;/ , we must first 
solve the power 

(ox' + a*x" + a?x" -r «V F + c?x v +.a*x v/ ) 6 ; 
this solution, since «?=!, a7=a, a^sra*, &c. assumes 
the following form 

X! + v'a + s /y/ « 2 + v v + r* 4 . + rv 

in which ?', £", £'", £ /F , Z r 9 ¥\ are functions of j/ 9 
x // 9 x ,f \ x /r 9 x K , x l ', without a. If we then peifbrm the 
120 transpositions of the roots xf 9 x", xf u 9 x /v 9 x v 9 then 
the sum of all the results thus obtained, gives the coeffi- 
cient p u/ - 
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4. Further, if we multiply the two functions f 11 : 
< 123456), /": (213456) together, we then obtain also 
the coefficient ^ /// . The equation V of the foregoing §, will 
then give the coefficient p // ; and having found this, we 
may directly find fli 77 , r 77 by the foregoing chapter. Now, 
the equation IV gives the coefficient //,.*• also j 7 , r 7 , a 7 , 
and lastly the equation III gives the coefficient p 9 and at 
the same time also the remaining coefficients of the equa- 
tion II. 

5. Let X 7 , K", K n, 9 K! y 9 K y 9 denote the five roots 

of the equation II ; then \A 7 , \/k", sj K'" 9 

S/ A /F , \/ K v 9 are the five values of t 9 and the values 
of forms /; (123456), /.• (234516), /; (345126), 
fi (451236), f: (512346) correspond to these values; 
we . • . have the six equations 

X* + x" + x /// + a/ v + x v + x r/ = A 
xf + *x" + M" + aV F + a 4 x F + a 5 x v/ = \J K' 
x // + a* 777 + **!* + o?x y + aV + a*x v/ = \/jK 77 
x /// + ax /v + aV + *V + M* + oPx v/ = Sjk"' 
xT + ax v + *V + «fc" + aV 77 + «■*" = V/JST^ 

6. Hence now, when we multiply the five last equa- 
tions by a 9 and add them to the first, we immediately 
obtain 

r/ _ A + a(\/K'+ s/K''+\/K"'+s/K< v +\/K r ) 
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And when for the same reasons at in the ease of lower 

equations, we put c^/k', at\/K t, ,cF\/K'>',et\J K' r , 

cfi\/Kr, for \/K f , \/K", \/K m , s/k», \/K v , 
so that a vanish, we get a root of the given equation 

j + \Zk' + n7 K" + s/K!" + \/K ' r + \/K 

••• — - — - - 



X = >r 
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and we obtain the remaining ones from the above six 
equations by elimination. 

section CLXVI, 

Fbob. Solve the general equation of the nth degree 
a* — Ai*- 1 + BiT* - CaT* + &e.*?0. 

Solution 1. Let t z=f: (12345 n) be a function 

of such a nature, that the n values of forms, which arise 
from the recurring transposition of all the n roots, are the 
roots of the equation 

t m — K=0. 

Since then K is the product of all these values of forms, 
it must consequently remain the same in all these trans- 
positions. Therefore its values of forms, 1.2.3.4 

. n, taken n and n together, are equal. Hence it 

follows, that K has no more than 1.2.3.4 ...... n— 1 

different values, and that these values are those which 
arise exclusively from the transposition of the n — 1 first 
roots. 

2. Since .*, K still depends on an equation of the 
1.2.3,4 n -— 1th degree, we must consequently 
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endeavour to reduce this equation. To effect this, I put 

K=sf: (12345 »}, and assume that the s — 1 

values of forms of this function, which arise from a recur- 
ring transposition of the n — 1 first roots, are the roots of 
the following equation : 

K- 1 a pKr* + jK- 3 - rX- 4 + &c. = 0. 

Then the coefficients p 9 q y r, &c. are symmetrical functions 
of these values of forms, and consequently in the recurring 
transpositions of the n — 1 first roots remain the same. 
But since they also undergo no change in the recurring 
transpositions of all the n roots, because by that means 

f: (12^4 ») suffers no change, consequently only 

those of their values are different, which arise from the 
transposition of the n — 2 first roots. Therefore each of 
these coefficients has only 1.2*3.4 ,..,,. n — 2 differ- 
ent values, and consequently each of them depends on 
an equation of the 1 . 2 , 3 • 4 n— 2th degree only. 

3. Since it is quite sufficient to have found j>, because 
p, q> f> &c - **? homogeneous functions, I stall pujt p =? 
f" : (12345 ...... n\s *nfl Assume, that the * — 2 vidu.es 

of forms of this function, which arise from a recurring 
transposition of the n — 2 first xwUh W the roots of the 
equation 

fT* — tffp-* -f tfjr* — r^"- 5 + &c. a= 0; 

then. p / , q' 9 r', fte. are symmetrical functions of these 
values, and they . * . remain the same in the recurring trans- 
positions of the n — 2, n — 1 first roots, and also of aft 
the n roots. Therefore these coefficients have only 
1.2.3.4 ...... n— 3 different values, viz. those which 
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arise from the transposition of the it — S first roots, and 
they consequently depend only on equations of the 1 .*v 
8 . 4 ft — 3th degree. 

4. In a similar way we successively form the equa- 
tions 

j/- 3 -j/'j/- 4 + j/y- 1 —r"]f-* + Ac.= 
p"— * _j//y/-* +9 / V*~ 6 -^"p"— 1 + Ae= 
p///— *_ j/y*-« +^ r j/ / ^- J »— r /r j/ // *- i + Ac = 

Ac. 

viz. the first from the recurring period of the n — S first 

roots of the function j/=f"': (1234 «); the 

second from the recurring period of the n — 4 first roots 

of the function// 7 =J /V : (1234 n) ; the third 

from the recurring period of the n — 5 first Toots of the 

function j/ 7 ' =f v : (1234 n) ; and so on. We 

continue this operation till we arrive at an equation of 
the second degree 

then//*"" 3 *, y ( """ } , are such functions of a/, a/ 7 , jr /7/ , 

... x w 9 as remain the same in the recurring transposi- 
tions of all the n roots, also in the recurring transpositions 
of the n — 1 , n — 2, n — 3 first roots, and so on, and 
likewise of the two first roots. They .'. undergo no 
change in all the transpositions of the roots, and conse- 
quently they are symmetrical. Therefore they may be 

expressed rationally by the coefficients of the given equa- 
tion. 

S. We consequently have a series of equations- 
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r - K = o 
K*~ l - pK»~* + qK n -* - rK 8 - 4 + &c = 
p— 8 — //p"- 3 4- V p— 4 — r/ / ,n " 5 + &c-= 
y-3 -ftf*-* + tfY**-r"tf~* + &c. = 

which are so constituted, that the first coefficient of each 
depends on all the following ones. Now if the first 
coefficients p 9 p', p n 9 p /// 9 &c. are found, then also the 
remaining ones q 9 r, &c. g / 9 r*, &c. q // 9 r", &c. &c., may 
be found by the foregoing chapter. 

6. It only remains now to assume for t =f: (12345... 

n) a function, such, that its values of forms, which 

arise from the recurring transposition of all the n roots 
a/, x" 9 os/ fi 9 &c. may be the roots of an equation of the 
form ? — K = 0. With this view, we assume any 

other function z = <j> : (12345 a;) at pleasure. Let 

zf, zf f 9 zf /; 9 zf 7 , sfi° denote the values of forms of z, 

which arise from t^ recurring transposition of all the . 
roots, and a a primitive root of the equation af — 1 = -0 : 
assert, that then 

t = zf + az" + aV" + ah" + + a^z™ 

is .always a function of the required property. For since 
in this function, in each recurring transposition o£ the 
roots a/, x", a/ 7 ', &c., the values of forms s/ 9 s", z ,u 9 

z^ 9 *w are in like manner transposed in a recurring 

order (for by these means V changes place with z" 9 zf f 
with zf" 9 xf" with ^Vand so on, lastly z in) . with /), tha»- 

3 B 
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fore the function f, in the recurring transpositions of the 
roots x\ x*\ i'", &c. has the following values : 

If = zf + ax" +a*z'' / + a*t»+ +*<- l) * w ' 

¥' =z» + «*"'+aV r + «V + +a ( -V 

t"'=z"' + az" +a*zr +0?*' + +cP- l W 

t / r=z"+aj' + a*z* f + a*z v " + +a ^ l W /f 

&c. 
and we immediately see, that l" = a"" 1 *', t lu = a 9 "*?, 
t" = a*~*tf> and so on. Therefore the functions tf> t", 
t ,f \ &c. have exactly those relations which they ought to 
have, in order that they may be the roots of an equation 
of the form t — K = 0. 

7. That the value of the roots x' 9 x" 9 x y// , &c, may 
always be determined from the known value of the 

function z / + az" + aV" + ah" + + tf-V* 

let the function z be what it may, appears from this, that 
the root x {n) never can correspond to the equal values of 
this function, if it should have any, because these equal 
values must necessarily be amongst* those which arise 
from the transposition of the n— 1 roots x'\ x r \ a/' 7 , x", 

tf ( "~" n . Consequently this one root at least may 

always be determined from the known value of t, without 
solving any equation. But then the remaining ones may 
also be found, when the solution of equations below the 
*th degree is pre- supposed. 

& Therefore all equations may be found in num- 
berless ways. If, in order to make die calculation bkh» 
ample, to put z =s x y we then have 

t = x/ + ax" + «V" + o?x« + + rf-V^. 
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Hence we immediately obtain 

K = r = (r' + ax" + aV" + + a n - l jr m) )* 

9. Now, in order to solve actually the given equation, 
we must first of all endeavour to determine the coeffi- 
cients p {n ~*\ ^(»-3> of the last reduced equation in 4. 
Since p is the sum of the n~ 1 values of forms of K 9 
which arise from the recurring transposition of the h— 1 
first roots, and p / again the sum of all the values of forms 
of p, which arise from the recurring transposition of the 
n — 2 first roots ; consequently, also, pf is the sum of the 
n— 1 .»— 2 values of forms of K, which arise from the 
recurring transpositions of the n — 1 and ot the n — 2 
first roots. Further, since p n is the sum of the n — 3 
values of forms of pf 9 which arise from the recurring 
transposition of the n—3 first roots, .•. also p // is the 
sum of the n— l.n— 2.n— 3 values of forms of K, which 
arise from the recurring transpositions of the »— 1, n— 2, 
and n—3 first roots. If we proceed further in this way, 
we then find that the coefficient p n ^ ) is the sum of all 
the w— 1 .n— 2.»— 5.. ..3.2 values of forms of K, which 
arise from the recurring transpositions of the «— 1, n— 2, 
n—3 roots, and so on, lastly, of the two first roots, or, 
which is the same, that p {n ~ Z) is the sum of all the 
1.2.3.4...n— 1 values of forms of K 9 which arise from 
all the transpositions of the n— 1 first roots. 

10. In order, therefore, to find the coefficient p (tt ~*\ 
we must in the first place solve the expression for K in 8 

(^ + *x" + «V" + aV v + + **-*x w ) 
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according to the powers of a. This solution, since 
at = 1, o" +l = a, a"** = a*, &c. will then have the 
following form : 

in which £', £", S^....*.?* w» certain {unctions of a/, 

x", a/", x {u) . Now, if in these we transpose the roots: 

a/, a/', a/' 7 , a^*"" in all possible ways, while x w 

retains its place, and then add the results together, we 
obtain an expression of the form 

V + XJ'a + V"<2 + XJ «? + ... + pW*-o 

which, since it is the value of p { *~*\ is necessarily sym- 
metrical with reference to the roots a/, a/', a/ 7/ . a^% 

and • * . may be expressed rationally by the coefficients 
A y B 9 C &c. of the given equation. 

11. In order to find the coefficient q iu ~* ) of the last 
equation in 5, in the expression £ / +%"a + fif / fa*+ ... 

+ |(«) a (—i) complete the n.n— l.n— 2 3 recurring 

transpositions of the n— 1, n— 2, n—$ 9 and so on, first 
roots, exclusive of the two first ; then substitute a/ for a/ 7 , 
and again make the same transpositions. Now, if we 

multiply the sum of the n . n ■— 1 . n — 2. 3 first. 

results by the sum of the n .n — 1 .»— 2 3 last, we 

then obtain a symmetrical function of a/, a/ 7 , a/",...** 10 , 
which will give the value of y c *^ } , expressed by the coeffi- 
cients J, B t C 9 &c„ 

12. If we write the reduced equations in 5 backwards, 
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have the following series : 

(p<-«>)*_ p<-*>(p<~ 6>y + ^>(^^y_f4»-4(p^) 



JT- 1 - pK-* + 9K- 3 - rJT- 4 + Ac. = 

t - K = 0. 

Having found the coefficients jp ( *^ } , j *" 3 * by 10 and 11, 
then the solution of the first equation gives the coefficient. 
p {n ~ 4) of the second equation; and by the foregoing 
chapter, we may hence immediately determine the values 
of j ( "- 4) and r (a ~ 4) by rational expressions, because p ( *~°, 
^•""° and i**""" 4 *, are homogeneous functions. The coeffi- 
cients of the second equation are consequently fully 
determined, and its solution gives the coefficient p (n ~ 5) 
of the third equation ; . * . also, as before, the coefficients 
jf c *"" 5) , r ( *" S) , * ( "~ 5) ; and the solution of this last equation 
again gives the coefficient p {n ~ 6) of the following equation. 
If we proceed further in this way, we at last find the 
coefficients p 9 q> r, &c. of the equation for K. 

13. Let K, K", Kf", K' v JP-»>, be then~l 

roots of this equation ; corresponding to these, as we have 
assumed in 2, are those values of forms of Kszf: 
(1234. ..n), which arise from the recurring transposition of 
the n — 1 first roots. Each of these values of K substituted 
in the equation f— JK"= 0, gives n values of t> consequently 
all together they give n.n— 1 values of t; and these are; 
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V^, a\/K' 9 c?\/K\ a^\/K f 

\/K" % aS/K"> c?\/K" 9 aT*\/K!' 

s/k 1 ", «\/K f " 9 o*\/k'", *r*\/Kr" 

and corresponding to these are the n . n — 1 values of 

forms of t =y." (1234 w), which arise from the 

recurring transposition of all the n and »— 1 first roots. 
These numerical values of the function t have such a 
relation to the values of forms of f: (1234 «), that 

ifweputy.- (1234 n) = « v V K\ the remaining »— 2 

values of forms, which arise from/: (1234 n) by 

the recurring transpositions of the n — 1 first roots, cor- 
respond to the numerical values a v \ K", ai f \jK ,t, > 

**\ K /v 9 a v \/K {1h ~ y) . Now since we have assumed 

that t = x' + ax" + *rV" + **x /r + + c?~*x {n \ we 

have •*. the following n equations: 

a y + ax" +a*x'" + ... +fl"-y- ,) + a , -V ,) = o?\f K' 
tft + ax"' + «V F -f . . . + «*~V + tf- 1 *™ = <*\l K" 
x"' + ax /v +o?x + ... +oT- 2 x" +a*- l x w = **\J ' K'" 



14. If we multiply the »— 1 last equations by a, and 
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*w = d. + °^L (y/K? + \/K" + Vfc 7// + - + V^*"") 



then add them to the first, we obtain, after dividing 
by n, 

and the remaining roots are all of the form 

o 

aA + b\jK' + (SjK 1 + ds/K'" + ... + 1\/k^ 

in which a, b, c, d, / denote certain functions of a. 

Hut since these roots must always remain the same, 
whatever primitive root we substitute for a 9 .*. amongst 

the remaining roots x' 9 x // 9 x"', x {n ~ l) there must at 

least be another, which has the form of the root x (B) ; and 
since this is not possible, a must quite vanish from the 
value of x w already found, and .• . a v+l = am = 1, conse- 
quently v = n — 1 . Therefore 

* = * + ~{yK f +^K' t +\/K!"+ ... +\/KW) 
n n 

is a root of the given equation, and the remaining ones 
may be determined from the equations in 13, when we 
substitute in them n — 1 for v. 

Remark. The solution which I have here given, has 
only this one fault, that we do not by its means obtain 
all the roots at once, but only one, and that the remaining 
ones must afterwards be sought by a very troublesome 
elimination. I shall .'. give another solution, which 
has not this fault, and in other respects also is perhaps- 
preferable to the former one. For the sake of perspicuity; 
I shall begin with an equation of the fifth degree. 
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SECTION CLXVII. 

Prob. Solve the general equation of the fifth degree 
j* _ J^ + Br> - Cx* + Dx - E = 
so as to obtain all the roots at once. 

Solution 1. As in the preceding $, let I s — K = be 
the equation for the recurring period of all the roots of 
the function 

t = x / + ax" + a*x"' + *V F + <*x Y 
then 

K = *» = (^ + ax" + aW + a*x" + cfijT) b 
or also 

js:= («^ + «v + *v" + *v r + ^o 5 

and K can have no other unequal values of forms, as we 
have already seen, but those which arise from the 24 
transpositions of the four first roots. 

2. Thus far all is the same, as in the foregoing solu- 
tion. But further, instead of forming the equation 

K A -pJP + qK* - rK + s ss 

as heretofore, from the recurring period of the four first 
roots, I shall now assume that it has the four following 
values of forms for roots : 

(ax / + A" + *V" + *V r + x 7 ) 5 
{c?x/ + M' + «/" + *ht w + * r ) 5 
(*V + *r" + <Ar"' + *V F + *0 5 
(*V + *V' + aV" + «r" + **)' 

the three last of which are obtained from the first one, 
when in it we substitute successively «', a?, a 4 far «. 



377 

3. In these four values of K, a/ r is always combined 
with another power of <z, and .*. all the 24 unequal 
values of K may be derived from these, merely by per- 
muting the roots a/, a/' 9 xf n . Thus, if the roots a/ v ,'a^ 9 
retain their, places, and we merely permute the three first 
roots, then c ty,h of the above four values of forms gives 
five new ones and consequently all together give the 24 
values of K. 

4. Since the coefficients p 9 q 9 r, s, are symmetrical 
functions of the four above-mentioned values of K 9 •*. 
these functions undergo no change, either by the recurring 
transposition of all the roots, or by the substitution of a 
for a* 9 a 3 , a 4 ; and consequently they can have no 
more unequal values than those which arise exclusively 
from the transposition of the three first roots xf 9 x /y , x/ 1 '. 
Therefore these functions depend on equations of the 
sixth degree only. 

5. Consequently, if we put jp =/; (12345), then 
/; (12345), /; (23145), /; (31245), /: (21345), 
f: (13245), /: (32145), are the six values of forms 
of p. Now if we assume that the three values of forms 
/; (12345), /; (23145), /; (31245), which arise 
from the recurring transposition of the three first roots, 
are given by the equation 

p 3 — tff + tfp — r> = 0, 

then the coefficients //, j/, r', are such functions of a/, a/', 
a/", x/ v , a? 9 as can only have the single value, which the 
substitution of xf for x J/ gives. Therefore jf (and the 

3 c 
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same obtain* of q' and r / ) has nc toore unequal values of 
forms than the two/ 7 ; (12345),/' : (21345). There* 
fare jrf depend* on an equation of the second degree 
<rtdy. 

6. Let 

be this equation ; then j/', j", are symmetrical ftmdtioen 
of a/, a/', a/", x^, a*, and consequently may be ex- 
ptessed rationally by the coefficients A, B, C, D, E of 
the give, opttion. 

T. We new have the three feHb wing equart ions : 

f - &p* + <fp - f* =± 
j/* - j/y + r" - 0. 

The last gives the value of//, from which, by the fore- 
going chapter, the coefficients 5/, r' may be determined: 
The solution of the second equation again will give the 
coefficient/) ; and from 4 thra again we may find the coeffi- 
cients 7> r, 5. Now, by solving the first eqvmtm, we 
obtain four values of K. 

8. Let £', It" K w , K' r 9 be these four vatae*, we 
then have the four fottbwing equations (2) : 

(a*' + c?x" + aV" + aV + *0* ±5 iT 

(.*»*' + m$/ / + eA"' + dfo" + *?)*=* £"' 

Ifi we extract the fifth root froin both {tar* e£ time 
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equations, we then have, including the equation jf+x" 

«/ + a V + aV" + aV + * p = \A V 
a V + *V + «"' + *V F + * F s V^K" 
aV + a*" + a 4 ^" + aV + a* = V^"' 
aV + *V' + aV y/ + «r" + * « V^. 

9. If we add these equations together, we then obtain, 
since 1 + a + cfi + of + d = '[1] =s= 

fix* = -4 + \/i' + \/K" + \A /;/ + \/K /K . 

If we multiply the second by d 4 , the third bj a 3 , the 
fourth by a 2 , the fifth by a, and them add them to the 
first, we obtain 

If we multiply the second by a 3 , the third by a, the 
fourth by a 4 , the fifth by a 2 , and then add them to the 
first, we obtain 

6X"=J + o?\jK f + «\/k" + a 4 VjST^ + aV^. 

If we multiply the second by a 2 , the third by a 4 , the 
fourth by a, the fifth by a 3 , and then add them to the 
first, we obtain 

Lastly, if we multiply the second by a, the third by « 2 , 
the fourth by a 3 , the fifth by a 4 , and then add them to 
the first, we obtain 
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10. If we inspect the values of the roots x / 9 x/' 9 d n 9 
o/ F , x r 9 as they have been here found, we shall imme- 
diately observe, that if in any one of the four last, we 
substitute successively a*, a 3 , a 4 , a 6 , for a, we always 
obtain the other four. Therefore, all the roots of the 
given equation may be comprehended in the following 
expression : 

x = \{A + a\/K' + af\/K»+ o?\/K»> + cfix/K") 
when by a we suppose each root of the equation r 5 — 1- 

11. I shall only farther remark, that in this solution 
the root a must certainly vanish in the coefficients p 9 q, 
r, s. For, since the functions Kf, K", K'" 9 K /r , in 8 
are such, that in the substitution of a for o? 9 a?, a 4 , con- 
sequently for the remaining roots £ f y 9 S, of the equa- 
tion x 5 — 1 =? o, they merely change places; .'• the 
coefficients p 9 q 9 r, s 9 as symmetrical functions of K{ 9 
K" 9 K /f/ 9 K /y 9 must also remain the same in thiss sub- 
titution, and consequently must be symmetrical func- 
tions of a, ft y, 8; •*., by the fifth chapter, are 
rational. 



SECTION CLXVIII. 

* - 

Peob. Solve the general equation of the undetermined 
nth degree 

x" - As?-* + Bx*~* - CaT* + &c. 8= 
in such a way, that all the roots may be obtained at once, 
and yet under the supposition that n is a prime number. 
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Solution 1. As in § CLXVI, let 

t as a? + ax" + oV" + £*-»*« 






K a f» = (a/ + ax" + a*x"'+ + a—W>) n 

or, which is the same, s 

K = (or' + o?x" + «V" + ... + o"- 1 ^- 1 * +*<">)•. 

The fiinction X, as we have already seen in the above- 
named §, is then such, that it remains the same in the 
recurring transpositions of all the roots x / 9 x"> x"\...x {n \ 
and consequently can have no more unequal values than 
those which arise from the transposition of the n— 1 first 
roots. 

£. In order to find the 1 .2.3...n— 1 values of forms 
of $he function K 9 which arise from the transposition of 
the n— 1 first roots, we first substitute a 4 , a 3 , a 2 ,... a"" 1 
for a ; hence there arise the following n— 1 values : 

(oa/ + a*x" + oV" + + cr-*aP-» + *«)■ 

(oV + aV + aV" 4 + rt« M) + x ( " } )' 

(aV + aV' + a 9 x / " + + a^V- 1 * + ff^) 1 



v« 



k» 



(a— V + aTV + a-V" + + cut*-" + at n) )\ 

Since in all these values of forms, because n is a prime 
number, the same powers of a occur, and in each the 
root jr ( *~ l) is combined with another power of a ; it is . • . 
evident, that we obtain all the values of K, when in 
these n— 1 values, we permute the roots x / , x", x"' 9 ... 
...ar *"" 3 * in all possible ways, but let the root xP~ l) 
retain its place. Each of these values then gives (in- 
cluding the one under consideration) 1.2.. 3 n— 2 
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values, and consequently all together give all the above 
1.2. 3... it— 1 values of K. 

3. Now if we assume that the n— 1 values in 2 are 
the roots of the equation 

consequently, by the fifth chapter, the root a must vanish 
in the coefficient sp, q $ r, &c. and they . * . remain the same 
when « is substituted for a 8 , a 3 , a 4 , *., a"" 1 . Hence, 
however, it necessarily follows, that these coefficients can 
have no more unequal values than those which arise from 
the transposition of the n— 2 roots a/, #", x? f, 9 ...aP~ x \ 

4. Since .• . the coefficients p 9 y, r, &c. have no more 
unequal values than those which arise from the trans- 
position of the n— 2 first roots; consequently these are 
similarly circumstanced with the coefficients mentioned 
in § CLXVI. Thus the equation of the 1.2.3... 
...n— 2th degree, on which the coefficient p depends, 
may, by the union of those of its values which arise 
from the recurring transposition of the n—2 first roots, 
be reduced to an equation 

whose coefficients pf, q', r 7 , &c. only depend now on 
equations of the 1 . 2. 3... n — 3th degree. Further, the 
equation for //, by uniting its values of forms, which 
arise from the recurring transposition of then -3 first 
roots, may be reduced to an equation 

p"-> —p"j/*-4 + <j l p»*- b — r"p /n - 6 + &c =s 

whose coefficients j}", q", r", &c. only depend onequar 
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tions of the 1 . £ . 3...n— 4th degree, and so ott, till we 
come to an equation of the second degree. 

5. Having determined the values of the coefficients 
/>, q 9 r, &c. by the solution of all these equations suc- 
cessively, and by means Of the foregoing chapter, then 
the solution of the equation &*~* — pK*~ % + &c. sa o, 
gives «— 1 values of K 9 which I shall denote by K\ K", 

K /l/ > R*T X K The n — 2 value* in 2 correspond to 

these values; we .*. have the following n— 1 equa- 
tions: 

(a*/ + «V + + a-W- X) + * Cfl) )" = *' 

(aV + <A/' + + eTW*-" + rf n) ) n = K" 

6. By extracting the nth root there arise the following 
equations : 

x' + x" + if" + + x w = A 

cuf + aV + <*V" + + «w = v/jE 7 

«V + aV 7 + aV" + + *» = \J & 

a 3 *' + afcr" -if M» + Hr l« s \/j£' 



;7/ 



• • « • • 



If we multiply the second equation by a*" 1 , the third by 
a"~ 3 , the fourth by a** 4 , and so on, and then add them 
to the first, we get 

nx / = J + oTWK' 4- cT-WK" + + «*/JF-». 

If we multiply the seeood by <£-*+ the third by a"" 4 , the 
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fourth by «*"*» and w on, and thai add them to the first, 
we get 

nx" = A+er?\jK' + <f- , \/K"+ +««\/iF*-» 

In a similar way, we further find 

«"' = A + ct~ J »sjK'+eir*\/K"+ +J\/lP-» 

nx' r m A + c?- i \/K , +cr+K"+ +«s/jP-'> 

Lastly, if we add all the n equations together, we get 

«!<•'= A + \/R' + S/K" + ... + \ZjF-». 
It is readily seen, that we can derive the values of x", 

a/", a/ r , tf m) from the value ofV, by substituting 

in it <**, a 3 , a 4 , <*"(=l) successively for a, conse- 
quently by substituting for a all the roots of the equation 
of— l=o. We .•• have the following general expression 
for the roots of the given equation : 

x = l-(J+a\/K'+a*\/K"+ +*-*{/ K**\ 

n 

Remark. When n is a compound number, then 
indeed, for the reasons given in 1, § CXXXVTI, this 
method is not applicable ; but for this case, I shall in the 
Third Part give a particular method, which has this 
advantage besides, that it is much shorter. 



T. C. HANSARD, Paternoster-Row Prem. 



rr JKXiJm H f* A^Ail 



4| 

H 



- 4 
+ 4 

- 4 
= 1 



1 







5 




TABLE I. 


•a 
< 


« 


<< 




- 5 


9 


E4 


[5] = 1 


- 5 


- 5 


+ 5 


[14] = 1 


- 3 


- 1 


+ 5 


+ I 


- 5 


[23] = 1 


- 2 


- 1 


+ 5 


- 5 


[1*3] = 1 


- 2 


- 1 


+ 5 


[12*] = 1 


- 3 


+ 5 


\\*2] = 1 


- 5 










[1»] = 


= 1 






r 



WW 






I S2 



4 



+14 

- 5 

= 1 

[34] = 



-7+7-21 

+5-1+9 

-3-2+6 

1 *- 3 

- 4 

[124] = 1 



PQ 



PQ 



[W] = 1 



+ '7 

- 7 
+ 3 

- 1 

+ 2 

- 2 



0* 

< 



- 7 

+ 5 

+ 4 

- 1 



Q 

•9 
<1 



[13*] = 1 
[2*3] = 
[1*4] 



Q 



+ 7-7+14-7+7 

4+1-8+7-1 
4-2-4+7-2 

+3-2-5-7 

-1+3-7+1 

- 3+ 8- 2+ 3 

2 «- 1+ 5+ 4 

1| • -.2-1+8 

= 1|_ 3+ 3 - 1 

[1*23] = 11- 3 - 4 

[12»] = 1 * 

[1*3] = 1 












- 7 

+ 7 

- 3 

+ 7 

- 2 

- 4 

- 7 
+ 3 
+ 2 
+ 6 

- 3 

- 2 



f 



[1*2*] = 1 






- 7 

+ 
+ 

+ 7 

- 1 

- 8 

- 4 

- 7 

+ 1 

+ 9 

+ 5 

- 1 

- 5 



O 



[1*2] = 1 

[17] = 



+ 7 

- 7 

- 7 

- 7 
+ 7 
+ 14 

+ 7 
+ 7 

- 7 
-21 

- 7 
+ 7 

+ 1 

- 7 



1 



I 



TABLE IL 



"55 i*aov)(oaoGOoo^ot^<(N ao cm <6 ao © ao ~ 
f^«-< ©* — « ©* co »-* e* 

+ + I I 1 I I + + + + + I I 1 + + I „ 



oo^-HO>o>cooo«o«jt*ei"rtO>^<o^ 





1 1 ++ + + +) 1 1 1 


1 + + + 


1 


I 


h 


1 1 + + + 1 + 1 1 1 


CN (N 00 "*« 

+ + + 1 


CM 
1 


|| 


I 


+ + 1 1 1 1 1 4- + + + 


I 1 


II 

f 


1— 1 


1 


+ 1 + 4- + + 1 1 1 + + 


CM CO CO ^« 

1 + 1 II 




1 

i 


+ + i i 7 i + + + i i 


* co -• 
1 II 5T 




I 


co ^ «— ■ co t Q< #.-»■«* * ■* 


« ^ " J 





5" ii £" 

** 1—1 



«• 



I I+ + + + 



I 1 



eo 



— i uo cjj o o * 

h + I M + 



I + I 



i+ + +ii+i++iii=r =l 



-1 II V 

I— - •* 



f^ *^ »-^ <J^ 

1+11 „ ?r 

II + » + l .i ST 



Oj Tf TT -^ i-i Gi 
I I + + + I I 



* Tj» —t 



•* CO * —• CO 
h + II 



CM 

7=T II & 



^t^^O^i— '©*-« 



II 






*■ 


1 + 1 + 


1 


1 


1 


CO <M *0 «-h 
+ + + 1 


1 


1-* 

II 

p—1 

5» 


* 


CO "^ A.^ CO 

+ 1 + 1 


1-1 

II 



Jp 



So 

CM 



(O CO * «5 i-h 



©I 



fc_L 

M * 
1 



* — i 



'I 3 



04 



t_L || E 1 " 

3« f-i " W 



tr II * 



CO 



(0 



TABLE III. 



5 
5 

5 

\° 
5 







+ 2 

+ 3 

+ 4 

+ « 

- 1 



- 6 



- 9+10 



- 6 

-15 
+ 4 



- 3+11 
+ 16 
+18 
+ 6 
+15 

- 6 

- 3 

- 4 
-15 







- 4 

- 5 

- 2 

- 5 

* 
* 

+ 1 
+ 4 

+ « 



- 2 

+ 5 

- 2 

- 4 

- 8 

- 8 
* 

- 4 
+10 

- 4 
+ 2 
+ 6 



- 1 -10 

- 4+14 



-19+10 



0+ 5 



+ 
-17 

+ 7 



+10 

-11 

-JO 

- 4 

- 7 

- 8 
-19 

+ 4 
+ J3 

+ 4 
+15 
+15 

- 3 
+ 18 
-15 



6 
5 
5 
6 
5 
5 
5 



- 1 



- 1 

+ 4 

- 8 

+ 4- ? 

*+ 2|_ 4 

*+ 2 

+ 4_ 2 



- 5 
+10 
+20 

- 4 

- 4 

- 2 
+20 
-14 

- 2 
-10 

- 6 

- 6 

+ 9 
-18 

+ 12 

+ 2 

*+10 

+ 3_ 9 



- 5+10 



-4+4 



+ 1 
+ 3 
+ 4 

+1) 
+ 2 
+ 5 
+ 6 
+ 3 

- 1 

- 4 

- 5 

- 6 

- 5 
.12 

* 

- 2 
* 

+ 1 



-10+10 -10-10+10 
- 6+ 6-. &-. fi+ t 



- 3 

- 8 
-10 
-31 

- 4 

- 3 
-12 

+ 1 
+ 3 

+n 

+13 

+17 

+12 

+21 

- 4 
+ 4 

- 7 



+10 

- 1 

- J 

+20 
+ 10 

- 1 
+10 
-11 

- 3 

- 9 

- 9 
-15 

- 9 
+ 3 

+11 
-10 
+ 6 



-1+2+1-10 
- 3+4+11.20 
-H+20+11 -20 
-11 +20+11 -20 



- 5+19- 8-19 + 16+ 5 



-3+3 
-14+12 



- 2 
-12 

- 6 
-10 
+ 1 
+ 4 
+12 
+ 6 
+ 5 
+26 
+ 7 
+ 2|+ 6 

+ 7 

- 1 

- 5 



*- 1 



= 1-4+2+4 
24] = 1-2-1 
[1«3»] = ll- 2 
[1»2«3] =* 1 



*+ 5- 8+ 6-16+12-13 
* - 4 + 8 + 3 -12 + 9 -23 +18 - 9 



* 
* 



•1-4+6 
*- 3 + 



* 



8 



• _ 2 



- 4- 
+ 4 
+ 2 

- 4 



*+ 9-24-21 
*+ 5- 2- 7- 8 

* + 

3|- 3+ 1 



\\n*\ = i 

[1«41 = 
[1*23] 



1 + 
6+17 
*- 1 

- 5 

* 

- 3 
= 1 



*- 2+ 2 
-2. , 



* 
* 
1 



-15+ 6.10-H+50 

+ 



+12 

- 4 
+ 3 

- 3 



3+ 7-13- 7+25 
+ 14-12-46+ioo 



[1«2»] =1 *- 
[1*3] = 1 - 
[1^*1 = 



+ 10 



-10 +30 -10 -20 +10 +10 -20 +1C -11 +1( 
5+ 1-12+10+11-10- 1 +11-10+ 1-10-1 
-6+20-10-2 +J -10 + £ + 6 -1C 






5 






h 
U 



ft 



5? 



-10 
+10 
+10 

- 3 _ i+ll +10 -10 -10 +10 

-10+20 












T 



8 



- 6+10-10 
+ 4 +20 -20 
+ 2+10 
+10+10 

- 2- 1 

- 6-12 
-22-12 
-11- 6 
+ 2-21 
-28-42 
-10- 7 

-1<^ 

+ 1-15 

+ 2+ 1 

+ 8 +13 
+24 + 13 

+ 4+33 
+28+33 
+31 



*+ 9-16+25 
-1+2+1 -10 
- 7+12+15-60 



[1«2] = 



6 +20 -50 
2- 1 +10 
1-8+35 
1 -10 



-10 
-10 
+10 
+30 
+30 
+15 
+30 

+60 
+10 
+ 10 
+15 
-10 
-40 
-40 
-60 
-60 
-40 
- 2 
+ 10 



[l w ] = 1 



ERRATA. 



The author has in the original designated the sum of the roots of 1 an 
equation, the sum of their squares, cubes, and in general the sum of 
their pth powers by the symbols [I], [2], [3]....[/*], and has 
employed the crotchet for this particular purpose, instead of the paren- 
thesis. By a mistake in the printing, which was not discovered till it 
was too late to be corrected, the parenthesis has been used indiscri- 
minately for this and the usual purposes through the earlier part of the 
volume. This gives rise to a little confusion, the mere mention of 
which will be sufficient to prevent any obscurity which might otherwise 
have arisen. See, in particular, pages 5, 6, 14, 15, 16, 17, 19, 20, 21, 
22, 23, 24, 35, 36, 58, 66, 67, 69, 82, 83, 84, 85, 86, 87, 133, 134, where 
it will be most material to attend to this distinction. 

Page 5, line 6, for function, read symmetrical function. 
— 11, — 3, 4, for of the with order, read taken m and m. 

— 13, — 15, for letters, read roots. 
, 18 - - - ditto. 

— 21, 6, for — (IS— a) read — (0— a). 

— 22, — 23, for evolution, read development 

— 41, — 6, 7, for odd or even, read even or odd. 

—49, — - 16, for number, read number of divisions. 

— , — 20, for numbers of a different kind, read numbers of 

different kinds of things. 

— 57, ——18, The product in this line should be written thus : 

(+roKX(+m>'x(+m>''. 

3 D 
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Page 59, line 9, 10, for in each transformation are changed, read 

when transformed are unchanged. 

61, — 11, /or the, raarf this. 

— - ► 68, — 14, /or r*,r*arf«*. 

99, — 13, far B m read B m . 

106, — 8, 9, for § 41 and 42, read §40 and 41. 

— 109, — 1,2, for when the roots are transformed and permuted, 

read by the substitution and permutation of the 
roots. 

1 13, — - 1, dele them. 

— 130, — 23, for quite as, read as little. 

— 132, — 6, for other, read others. 

— 133, — 5, The coefficient of the second term should be tf. 

— 135, — 12, 13, for transformation, read substitution. 
143, — 23, for merely, read all. 

— - 144, — 4, for other, read higher. 

__ 149, — 3, The letters A, JT, C, &, ought to hare been old 

English capitals. 

152, — 3,4, The letters A, &, C, D, E> ¥' «hould hare been 

old English capitals. 

— — 209, — 10, for referred, read in reference. 

-— 226, — 4, dele try to. 
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